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'0.  Abstract  (cent* 


Objective  I*  Determine  how  compiler  driven  di so  fays  can  besl  support 
e  piu  -ing  and  control  of  tactical  operations. 


the 


Objective  7.  Evaluate  proposed  requirements  statement  under  operational 
conditions  and  rc-rommend  changes  as  appropriate. 

Objective  3.  Evaluate  the  suitability  of  candidate  computer  driven  dis¬ 
play  teenno logical  approaches  to  meet  proposed  requirements  criteria. 

Three  automated  dispfay  systems  were  evaluated.  Each  system  differed  in  the 
technology  used  to  rear  project  dynamic  symbology  (military  unit  symbols, 
alphanumeric*;,  and  graphics)  onto  a  large  screen.  The  systems  had  similar 
hardware  conf igurations.  The  operation  of  each  was  controlled  by  a  mini¬ 
computer  which  processed  dls-pia/able  data  and  caused  the  appropriate  symbols 
fo  be  displayed  on  the  large  screen  and  on  a  cathode-ray  tube  (CRT)  display 
console.  Each  system  displayed  map  backgrounds  and  formats  on  the  large 
rerc-en  by  means  of  Slides.  Each  system  also  included  a  CRT  display  console 
and  a  number  of  other  devices  for  the  input  or  output  of  data. 
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PART  ONE  -  SUMMARY  AND  EVALUATION 
CHAPTER  !  -  Summary 


l-l.  Purpose . 

a.  The  automated  displays  experimental  ion  program  examined  three 
candidate  automated  display  technologies  to  evaluate  system  technical 
requirements  and  to  ascertain  how  automated  display  systems  can  best 
support  the  planning  and  control  of  tactical  operations.  This  general 
purpose  was  translated  into  three  objectives: 

(1)  Objective  I.  Determine  how  computer  driven  displays  can  best 
support  the  planning  and  control  of  tactical  ope*' at  ions. 

(2)  Objective  2.  Evaluate  proposed  requirements  statement  undei 
operational  conditions  and  recommend  changes  as  appropriate. 

(3)  Objective  3.  Evaluate  the  suitability  of  candidate  compels, 
driven  display  technological  approaches  to  meet  proposed  requirements 
cr i ter i a . 


b.  Completion  of  objective  i  provided  a  baseline  against  which  the 
i i nd I nyc  in  objectives  2  and  3  could  be  referenced.  Objective  2  focused 
f)  •  evaluating,  refining,  determining,  and  stating  technical  performance 
'agi: i remenfs  for  automated  display  systems  fhai  are  envisioned  for  use 
by  I  he  operat ions  and  inte!;ijenc?  staff  sections  in  division  tactical 
opet  aNons  centers  (OTOC* si ,  The  display  requirements  that  were  evalu¬ 
ated  arc  listed  in  the  matar  el  need  (MN?  document  for  the  tactical 
operations  system  (TGS).  Objective  3  was  achieved  by  assessing  the 
performance  of  the  three  candidate  automated  display  systems  against  the 
requirements  stated  in  objective  2. 

1-2.  Description  of  Experimentation. 

a.  System  description.  Three  automated  display  systems  were 
evaluofoci.  Each  system  differed  in  the  technology  used  to  rear  project 
dynamic  symbology  (military  unit  symbols,  alphanumarics,  and  graphics) 
onto  a  large  screen.  The  systems  had  cimttar  hardware  configurations. 
The  operation  of  e^uh.  was  control f ad  by  a  minicomputer  which  processed 
uispiaygbie  data  and  caused  the  appropriate  symbols  to  be  displayed  on 


the  large  screen  and  on  a  cathode-ray  tube  (CRT)  display  console.  Each 
system  displayed  map  backgrounds  and  formats  on  the  large  screen  by 
means  of  slides.  Each  system  also  included  a  CRT  display  console  (two 
consoles  with  the  scribe  system)  and  a  number  of  other  devices  for  the 
input  or  output  of  data. 

(1)  The  scribe  system  used  commercial  hardware  components  and  was 
developed  by  the  N.-rthrop  Corporation.  Dynamic  symbology  for  projection 
onto  a  5-foot  by  5-foot  screen  was  computer  generated  and  mechanically 
etched  cn  a  metal  coated  glass  slide  by  one  of  two  scribing  projectors. 

Two  reference  projectors  displayed  map  backgrounds,  and  a  spotting 
projector  displayed  a  marking  cursor.  Each  of  the  five  projectors  was 
capable  of  displaying  symbols  in  one  of  six  colors:  red,  green,  blue, 
orange,  yellow,  or  white. 

(2)  The  CRT  system  used  commercial  hardware  components  and  was 
developed  by  the  General  Dynamics  Corporation.  The  system  used  two 
cathode  ray  tube  projectors  (one  red  and  one  green)  to  display  dynamic 
symbology  on  a  5-foot  by  5-foot  screen.  Wap  backgrounds  which  were  on 
55-mi  II imeter  slides  were  projected  onto  the  screen  by  a  carouse!  projector. 

(3)  The  ohotochromic  system  was  a  militarized  system  that  was 
developed  for  the  United  States  Army  Materiel  Command  -  Electronics 
Command  'USAMC-ECOM)  by  the  Singer  Libtascope  Corporal 5 on.  An  ultra¬ 
violet  laser  provided  a  beam  of  high  energy  which  war.  positioned  by 
deflection  mirrors  to  form  the  dynamic  symbols  on  heat  sensitive  photo- 
chromic  film.  The  generated  symbols  were  illuminated  by  a  xenon  projec¬ 
tor  lamp  and  projected  in  blue  onto  a  6-foot  by  4  I /2-foot  screen.  A 
second  (bive-green)  laser  was  used  to  display  a  marking  cursor. 

b.  Test  methodology.  A  brief  description  of  how  each  experimen¬ 
tation  objective  was  accomplished  follows: 

(1)  Objective  I  -  Determine  how  computer  driven  displays  can  best 
support  the  planning  and  control  of  tactical  operations.  MASSTER  test 
reports,  studies,  field  manuals,  and  other  documents  were  researched  in 
order  to  identify  in  general  terms  those  tactical  operations  center 
(TOC)  activities  that  used  displays  and  to  determine  what  those  displays 
were.  Based  on  this  research,  a  questionnaire  was  designed  and  distrib¬ 
uted  to  representative  user  personnel  in  units  at  Fort  Hood.  The  replies 
were  used  to  identify  the  information  display  requirements  of  those  TOC 
activities  which  used  displays.  The  net  result  of  this  entire  effort 
was  thr  identification  of  potential  automated  display  users  and  their 
current  (manual)  display  requirements. 

(2)  Objective  2  -  Evaluate  proposed  requirements  statement  under 
operational  conditions  and  recommend  changes  as  appropriate.  An  evalua¬ 
tion  of  the  data  gathered  during  the  experiment  was  used  to  identify  and 


qualify  the  performance  requirements  for  automated  display  systems.  The 
following  factors  were  considered  in  the  evaluation: 

(а)  The  group  display  device  and  analysis  console  component  char¬ 
acteristics  stated  in  the  MN  for  TOS. 

(h)  The  current  (manual)  display  requirements  derived  by  completing 
objective  I. 

(c)  Data  collected  during  the  2-week  command  post  exercise  (CPX) 
portion  of  the  experiment. 

(d)  Component  performance  data  collected  during  the  performance 
testing  portion  of  the  experiment. 

(e)  Special  evaluator  comments.  V. 

(f)  Data  obtained  from  research  of  display  syr-lem  literature. 

(3)  Objective  3  -  Evaluate  the  suitability  of  candidate  computet? 
driven  display  technologica?  approaches  to  meet  proposed  requirements 
criteria.  Performance  data  collected  during  the  performance  -testing 
portion  of  the  experiment  was  evaluated  against  the  requirements  derived 
Iron  objective  2. 

(4)  Each  of  the  three  experimentation  objectives  was  subdivided 
into  subobjectives.  Analysis  of  the  suhobjecti ves  led  to  the  identifi¬ 
cation  cf  essential  elements  of  analysis  (EEA’s)  which  asked  the  basic 
questions.  Related  EtA’s  which  could  best  be  answered  together  were 
grouped  into  discrete  tasks  called  work  segments.  Each  work  segment  was 
a  complete  package.  The  packages  included  detailed  procedures  for  data 
collection,  appropriate  system  inputs,  data  collection  forms,  and  data 
reduction  procedures.  Part  three  of  this  report  contains  the  subobjec- 
lives,  EEA's,  and  work  segment  descriptions. 

(3)  Twonty-two  work  segments  were  identified.  Three  of  the  work 
segments  required  the  display  systems  to  receive  and  display  data  from 
the  developmental  tactical  operations  system  (DEVT05).  One  of  the  work 
segments  was  a  2-week  CPX  during  which  player  personnel  used  two  display 
systems  (scribe  and  CRT)  to  assist  in  performing  G2,  G3,  and  battlefield 
Information  coordination  center  (BICC)  activities  in  a  CPX  environment. 

(б)  Throughout  the  experimentation  period,  special  evaluators  from 
agencies  outside  of  MASSTER  observed  the  portions  of  the  experimentation 
which  related  to  Iheir  field  of  expertise  and  provided  comments  that 
contributed  to  both  the  experimentation  and  the  findings.  These  agt^-ies 
included  Project  Management  Office,  Army  Tactical  Data  Systems;  Computer 


i 


Systems  Command;  Ar  r.y  Research  Institute;  Defense  Mapping  Agency;  Army 
Materiel  Commart-S  -  Electronics  Command;  Engineer  Topographic  Laboratory; 
and  Combined  Arms  Combat  Developments  Activity. 

(7)  The  experimentation  was  conducted  in  the  Command,  Control,  and 
Communications  Directorate  workshop  area  during  the  period  12  February 
1973  to  9  January  1974. 

1-3.  Findings. 

a.  Objective  i:  Manual  display  requirements.  A  summary  of  the 
findings  which  pertain  to  tho  identification  of  potential  automated 
display  users  and  their  current  (manual)  display  requirements  follows: 

(I)  The  division,  brigade,  and  battalion  TOC  activities  which  use 
information  displays  are  identified  in  figure  1-1. 


Division 


C2  (Operations-Pians) 
G2  Air 

G2  Intelligence  Team 
(BICC) 

G3  (Operatior.s-Plans) 
G3  Air 

Fire  Support  Element 
(FSE) 

Airspace  Control 
Element  (ACE) 

Signal  intelligence 
Support  Element/ 
Electronic  Warfare 
Element  (SSE/EWE) 
Tactical  Air  Control 
Party  (TACP) 


Brigade _ 

S2 

52  I nte 1 1 i gence  Team 
(BICC) 

53 

S3  Air 

Fire  Support  Coordin¬ 
ation  Center  (FSCC) 
TACP 


Battalion 


S2 

52  Intel  1 1 gence  Team 
(BICC) 

53 

S3  At'r 

FSCC 

TACP 


Figure  1-1.  Activities  that  use  information  displays. 


(2)  The  majority  of  division,  brigade,  and  battalion  TOC  activ¬ 
ities  use  displays  for  rapid  access  to  frequently  referenced  information 
to  assist  in  planning  and  coordination.  Intelligence  activities  use 
displays  to  assist  in  analysis.  The  majority  of  these  a i splays  require 
updating  at  least  hourly.  The  number  of  required  information  displays 
range  from  4  for  the  division  and  brigade  TACF  to  19  for  the  division  G3 
(Operations-Pians) .  The  situation  map  is  the  most  universally  required 
display. 
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(3)  Mi. p  backgrounds  are  required  for  division,  brigade,  and 
battalion  TOC  situation  displays.  The  level  of  detail  found  on  the 
present  standard  military  map  is  not  required  for  many  of  these  dis¬ 
plays.  The  amount  of  map  detail  required  depends  on  the  specific 
purpose  of  the  display.  Since  maps  with  lesser  detail  are  not  in  the 
current  inventory,  the  mjp  meeting  the  requirements  of  most  TOC  users  is 
the  standard  military  topographic  map. 

(4)  The  preferred  map  scale  for  use  in  the  division,  brigade,  and 
battalion  TOC  is  1:50,000.  At  the  division  level  TOC,  a  secondary 
preference  is  the  1:100,000  map  scale. 

(5)  The  number  of  colors  used  *or  displaying  dynamic  data  is 
dependent  on  the  requirement  to  readi!  *  distinguish  between  various 
information  categories.  Survey  resuifs  from  division,  brigade,  and 
battalion  TOC  users  indica+e  that  most  situation  displays  require  throe 
colors  (usually  blue  for  friendly,  rod  for  enemy,  and  black  for  control 
measures).  Black  Is  also  used  on  a  contrasting  background  to  depict 
lefters  and  numbers  on  TOC  charts.  The  colors  presently  used  to  depict 
topographic  symbols  on  the  standard  tactical  map  sheets,  as  discussed  in 
FM  21-31,  ere  satisfactory  at  all  TOC  levels. 

(6)  The  brigade  and  battalion  IOC  users  prefer  situation  displays 
approximately  4-feet  high  by  4-feet  wide.  Division  users  prefer  a  dis¬ 
play  approximately  4-feet  high  by  5-feet  wide.  Chart  or  tabular  status 
displays  are  approximately  3-feet  high  by  3-feet  wide. 

\1)  The  number  of  simultaneous  viewers  of  displays  during  norma? 
operations  for  the  division,  brigade,  and  batf3lion  FOG  is  approx i mate  I y 
four.  For  formal  briefings  the  number  of  viewers  depends  on  the  echeion 
up  fo  10  at  battalion  and  up  to  20  af  brigade  and  division. 

(8)  The  division,  brigade,  and  battalion  TOC's  require  from  one  to 
five  copies  of  most  overlays.  The  reproduction  time  required  for  the 
majority  of  division  TOC  overlays  is  approximately  15  minutes,  Surve/ 
respondents  indicate  that  a  hard  copy  reproduction  of  approximately  one- 
half  of  the  essential  division  TOC  overlays  would  be  desirable  for 
purposes  of  reference  and  dissemination. 

b.  Objective  2:  Automated  display  system  requirements.  The 
findings  for  this  objective  are  in  two  categories:  findings  which 
relate  to  automated  disp'l^iy  systems  in  general  and  findings  which  state 
the  soecific  technical  performance  requirements  for  the  devices  of  an 
automated  display  system/ 

(I)  Automated  display  systems,  general.  An  automated  display 
system  must  in+egrate  hardware,  software,  and  the  u.6 Q.K  for  whom  the 
software  and  hardware  are  designed.  It  is  the  user  and  his  mission 
accomp 1 1 shment  which  must  be  supported. 


/ 


i 
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(a)  Hardware.  The  NN  for  TOS  identifies  the  group  display  device 
(GOD)  and  the  analysis  console  (AC)  as  the  devices  required  for  display 
and  manipulation  of  data  in  a  TOC.  The  GDD  and  the  AC  are  controlled  by 
the  TOS  central  computer.  A  brief  description  of  the  role  of  each 
device  is  provided  below.  A  discussion  of  the  experimentation  findings 
relating  to  the  hardware  components  of  an  automated  display  system 
follows  the  description. 

_l_  The  GOD  has  a  large  screen  (4  by  4  foot  minimum;  6  by  6  foot 
maximum)  and  is  the  primary  operations  and  planning  display  device.  The 
GDD  portrays  units,  locations,  boundaries,  and  zones  or  areas  on  a 
tactical  map  background.  The  GOD  includes  the  overlay  reproducer  as  a 
subcomponent  to  provide  transparent  overlays  from  displays  on  the  GDD 
suitable  for  use  with  standard  Army  maps. 

2_  The  AC  provides  the  man-machine  interface  between  the  user  and 
the  system  data  base.  It  operates  as  a  graphical  display  similar  to  the 
GDD  and  as  an  alphanumeric  input-output  device.  The  MN  for  TOS  does  not 
specify  a  capability  for  transfer  of  displays  between  the  AC  and  the 
GDD.  / 


3  Experimentation  findings  show  two  basic  hardware  components  are 
required  for  any  automated  display  system  used  in  a  division  TOC.  The 
first  is  a  Iccal  display  processor  which  allows  for  the  receipt,  storage, 
retrieval,  display,  and  manipulation  of  data.  The  processor  also  con¬ 
trols  the  operation  of  the  hardware  components  of  the  display  sysfem. 

The  funcrions  that  the  processor  must  perform  dictate  that  it  be  separate 
from  the  TOS  central  computer  and  that  it  be  dedicated  solely  to  the 
operation  of  the  display  system.  It  is  inefficient  and  impractical  to 
require  the  TOS  central  compu+er  to  do  the  display  data  processing  as 
well  as  controi  all  the  devices  of  the  system.  The  problem  is  com¬ 
pounded  when  a  number  of  display  systems  are  linked  to  TOS,  thus  multi¬ 
plying  the  total  number  of  devices  to  be  controlled.  The  separate  display 
processor  is  not  only  more  user  responsive,  but  it  al^o  acts  as  the 
single  point  of  contact  for  interaction  between  TOS  and  the  display 
system.  The  display  processor  also  facilitates  "stand-alone"  operation 
of  the  system  and  provides  a  built-in  continuity  of  operations  (CONOPS) 
benef i t. 

£  The  second  basic  hardware  component  of  an  automated  display 
system  is  the  interactive  graphic  display  console.  This  component  is 
the  primary  user  device  for  the  display  of,  and  interaction  with,  com¬ 
puter  stored  data.  The  console  features  which  make  this  possible  are  a 
display  surface  dedicated  to  the  presentation  of  displays  for  a  specific 
user;  the  controls,  such  as  a  keyboard,  joystick,  and  light  pen  with 
which  the  user  can  recall,  create,  modify,  or  delete  displays;  and  a 
positive  visual  feedback  on  the  display  surface  which  allows  the  user  to 
monitor  display  manipulation. 
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5  An  automated  display  system  from  a  hardware  point  of  view  contain- 
basic- components  (a  display  processor  and  one  or  more  interactive  graph: 
display  consoles)  and  other  hardwan  components  (peripheral  device  )  a- 
required  to  meet  particular  user  needs,  figure  1-2  shows  how  hardware 
components  could  be  ccnfioured  tor  a  display  system  supporting  .;.ne  u^er  , 
the  division  G^.  To  support  an  additional  user  such  as  the  62,  the 
figure  would  also  show  dedicated  interactive  graphir  display  console1" 
for  the  62.  Other  peripheral  devices  that  the  02  requires  would  be 
added  if  sharing  the  use  of  ei  peripheral  device  (such  as  the  printer 
for  the  receipt  of  messages  or  the  map  overlay  input  device  for  input¬ 
ting  overlays  to  the  system1  is  unsatisfactory. 


Figure  i-2.  Type  hardware  configuration 


6  In  figure  1-2,  the  interactive  graphic  display  consoles  are  the 
primary  display  devices.  The  group  display  output  device  (!?rgt  screen) 
is  shown  as  a  peripheral  output  device  to  be  included  in  the  configuration 
only  when  anticipated  usage  justifies  its  inclusion  Control  of  dis¬ 
play?  on  the  large  screen  is  accomplished  through  an  interactive  graphic 
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display  console.  Displays  to  be  viewed  on  the  large  screen  are  first 
composed  on  rbe  interactive  graphic  display  console,  then  transferred  to 
the  large  screen,  This  role  of  the  group  display  output  device  was 
determined  from  data  provided  by  users  and  special  evaluators  throughout 
the  experimentation  period  and  was  initially  identified  from  two  obser¬ 
vations  during  tho  CPX  portion  of  the  experimentation. 

£  OurJ  <g  the  CPX,  the  primary  use  of  the  large  screen  on  both  the 
scribe  and  CRT  systems  was  for  briefings.  Although  situation  displays 
were  portrayed  on  the  fa*-ge  screens  when  they  were  not  being  used  for 
briefings,  the  analysis  console  (editing  console  in  the  scribe  system) 
was  where  the  attention  of  key  players  was  focused,  where  displays  were 
sani  pc  Sated,  end  »-here  player  reception  of  and  reaction  to  incoming  data 
occurred, 

b  The  62  and  63  sections  formed  a  player  group  and  used  one 
system,  while  another  player  group  (the  BICC)  used  the  other  system. 
Since  each  System  had  only  one  usable  console  (the  scribe  system  had  a 
second  console  but  its  use  interfered  with  Ihe  first)  and  one  large 
screen,  the  G2  and  63  players  were  forced  to  share  these  devices.  The 
majority  of  player  comment  Indicated  thaT  The  console  display,  although 
smaller,  was  satisfactory  cr.d  was  preferred  over  the  large  screen  dis¬ 
play  mainly  because  the  player  could  "do”  more  at  the  console  because  it 
was  interactive.  »he  commeOTS  also  overwhelmingly  favored  separate, 
dedicated  consoles  for  the  62  and  65. 

7  The  group  display  output  device  was  not  found  to  be  an  essential 
part  of  division  level  tactical  display  systems.  However,  experimen¬ 
tation  findings  ao  not  nullify  It  as  a  potentially  useful  component  of 
an  automated  display  system.  When  current  displays  on  a  console  need  to 
be  viewed  by  n  large  number  of  people  during  the  course  of  a  briefing, 

a  device  which  provides  for  rapid  display  transfer  and  has  a  screen 
larger  than  that  available  on  the  console  may  be  justified.  When  the 
device  is  nor  being  used  for  briefings.  It  can  be  used  to  display  the 
current  situation  for  the  benefit  of  all  TOC  personnel  and  visitors  from 
other  headquarters. 

8  The  requirement  for  a  group  dispfay  output  device  for  a  display 
system  should  be  based  on  a  cost-benefit  analysis.  The  expected  advan¬ 
tages  must  be  considered  against  the  additional  volume,  weight,  and 
complexity  imposed  on  the  system.  In  each  of  the  three  systems  eval¬ 
uated,  the  large  screen  display  components  constituted  a  major  part  of 
the  system’s  total  volume  and  weight.  Since  the  display  system  is 
expected  to  be  housed  in  a  vehicular-mounted  shelter,  volume  and 
considerations  will  impact  upon  the  number  of  shelters  required  and  the 
overa 1 1  system  mob  f I i ty . 
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£  The  experimentat?on  findings  relating  to  the  roles  of  the  Inter¬ 
active  graphic  display  consol?  arid  the  group  display  output  device 
indicate  a  phitt  in  amphrsfs  from  visualizing  the  large  screen  as  the 
central^  dom*nanf  component  of  an  automated  display  system  to  stressing 
that  the  processor  and  the  interactive  console  form  the  heart  of  the 
display  system.  -  -  '  -  _ 

(b)  Software.  The  key  to  user  acceptance  of  an  automated  display 
syslem  is  proper  definition  of  user  requirements.  Meeting  the  require¬ 
ments  is  heavily  software  dependent.  Suitable  hardware  is  available  or 
can  be  developed,  but  what  the  hardware  is  able  to  do  for  the  user  is 
•a^gely  a  function  of  the  software  ( i .e. ,  the  roulfnes  that  perform  the. 
display  functions  which  aid  the  user  in  accomplishing  his  mission). 

£  Aft er  user  requirements  have  been  defined,  software  should 
receive  first  priority  in  the  development  of  an  automated  display 
system.  This  does  not  mean  that  initial  emphasis  is  to  be  placed  on 
developing  detailed  logic  flow  diagrams.  Rather,  detailed  answers 
should  be  obtained  tor  the  question:  MWhat  procedures  should  be 
designed  to  permit  the  user  to  meet  his  requirements  with  maximum  ease?” 
The  answers  shouid  define  the  software  required.  The  software  will 
provide  vital  guidance  concerning  hardware  type  and  configuration. 

2  This  approach  defines  the  user*s  needs  and  identifies  the  soft¬ 
ware  required  to  mae’-  these  needs  before  the  hardware  is  procured.  The 
logic  of  this  approach  is  better  than  the  common  practice  of  buying  the 
hardware  and  +h6n  design Ire  software  to  fit  the  hardware.  Additionally, 
software  comprises  the  bulk  of  Syslem  development  cost,  and  therefore, 
should  receive  priority. 

(c)  User.  The  individual  who  will  actually  use  the  equipment  in 
the  field  is  the  most  important  element  in  successful  design  of  an  auto¬ 
mated  system.  The  question  asked  In  subparagraph  <b)J^  above  can  bast  be 
answered  by  this  individual.  His  comments  must  be  actively  solicited  by 
the  hardware  and  software  designers  in  ail  stages  of  system  development. 
Violation  of  this  principle  could  result  in  the  fielding  of  a  system 
which  may  be  rejected  in  favor  of  the  current  manual  operation  because 
it  does  not  do  what  is  wanted,  is  too  complicated  to  operate,  or  Is 
simply  too  cumbersome. 

J_  An  automated  display  system  must  satisfy  different  users  In  a 
TOC.  The  division  62  and  G3  are  considered  separate  users  since  they 
have  different  information  requirements.  For  example,  the  G3  may  be 
concerned  with  monitoring  the  maneuver  of  friendly  units  of  battalion 
size  and  larger  within  the  division  area  of  operations.  The  G2  may  be 
interested  in  an  area  different  from  that  of  the  G3  and  may  require  the 
display  of  particular  enemy  units  and  weapons  located  In  his  area  of 
interest.  User  requirements  will  dictate  tho  ha?, wore  configuration  of 
an  automated  display  system. 


2  Automated  display  systems  have  the  potential  for  easing  the 
user's  transition  from  manual  to  automated  operations,  because  they 
present  displays  much  like  the  user  now  employs.  The  display  of  data  by 
an  automated  display  system  Is  preferable  from  a  user  standpoint  to 
receiving  the  same  data  as  computer  printed  copy  for  subsequent  map 
posting. 

3  The  following  quote  from  Parsiow,  Prowse  and  Green*  Is  an 
excelTent  discussion  of  the  role  of  an  automated  display  system  and 
particularly  the  Interactive  graphic  display  console.  The  application 
characteristics  cited  at  the  end  of  the  quote  ^ire  exa&bbf  those  for  an 
automated  display  system  In  a  tactical  operations  center! 

"Graphic  data  processing  provides  a  common  language  of 
graphics  and  alphanumerlcs  between  the  man  and  the  computer. 

A  man  normally  thinks  In  terms  of  sketches,  drawings,  graphs, 
letters,  characters,  and  numbers,  A  computer  operates  in 
terms  of  bits,  bytes,  and  registers.  This  makes  it  difficult 
for  the  man  to  comr jnicate  with  thy  computer.  :ln  the  past, 
the  burden  has  been  on  the  man;  namely,  he  has  had  to  converr 
all  of  his  ideas  and  thoughts  to  letters,  numbers,  and  a  few. 
special  characters.  The  computer,  in  turn,  conversed  back 
with  the  man  In  the  same  medium.  With  the  advent  of  graphic 
data  processing,  the  man  can  wpnk  In  the  medium  he  understands 
best;  the  computer  can  continue  to  work  in  the  medium  it 
understands  best,  with  the  graphic  display  console  acting 
as  an  interpreter  between  the  two.  This  new  dimension  in 
man/machine  communication  has  proved  to  he  of  val.je  in 
app I J cat ions  where:  Graphic  representation  Ts  of  assistance  - 
in  the  performance  of  the  application,  or  Rapid  turn-around 
time  is  required,  or  Human  Imagination,  judgement,  or  experience 
is  required  in  the  solution  of  the  problem." 

(2)  Specific  technical  performance  requirements.  The  major 
requirements  that  specific  devices  of  an  automated  display  system  must 
meet  are  described  below: 

(a)  interactive  graphic  display  console  (individual  display). 

Data  from  the  CPX  portion  of  the  experimentation  points  out  that  user 
acceptance  of  an  automated  display  system  is  greatly  influenced  by  the 
ease  with  which  the  user  can  communicate  (interact)  w*th  the  system.  The 
interactive  graphic  display  console  is  the  primary  user  device  for 
performing  this  interaction.  The  availability  and  flexibility  of  the 
interactive  capabilities  and  the  degree  to  which  the-capabi I ities 
facilitate  communication  between  the  system  and  the  user  are  major 
factors  affecting  The  console’s  usefulness. 

^Compute*  GtuipbLcA,  R.D.  Parsiow,  R.W.  Prowse,  R,  Elliot  Green,  Plenum 
Press,  1969. 


The  minimum  Interactive  capabilities  required  for  the  graphic  - 
display  console  are  listed  below: 

4* 

£  The  console  operator  must  be  able  to  manipulate  (add,  delete, 
correct,  move,  or  offset)  any  data  item  in  a  tactical  situation  display. 
Immediate  visual  feedback  of  the  operator's  actions  is  required  for  all 
manipulations. 

The  console  operator  must  be  able  to  store  and  display  data 
items  by  category.  When  a  new  data  item  is  added  to  the  system's  data 
base,  the  system  must  aflow  the  user  to  specify  which  categories  the 
data  item  is  to  be  stored  and  displayed  under. 

c  The  console  operator  must  be  able  tc  store  display  scenes  for 
later  display  and  be  able  to  manipulate  the  data  items  in  any  recalled 
scene. 

d  The  console  operator  must  have  the  ability  to  obtain  additional 
data  on  any  displayed  item  upon  request.  Data  1-terns  in  tactical  situa¬ 
tion  displays  frequently  have  assoc i a+ed  a  I phanumer i c  data  (e.g.,  date 
time  group,  free  text  comments)  which  normally  Is  not  displayed  with  +hr- 
symbol  that  represents  the  item;  however,  this  information  should  be 
readily  available  when  desired. 

£  The  primary  purpose  of  the  interactive  graphic  display  console 
is  to  present  tact  lea i  situation  displays.  The  display  consists  of  two 
parts:  a  map  background  and  the  dynamic  symbology  which  Is  superimposed 
upon  the  background.  The  minimum  map  background  capabilities  required 
for  the  interactive  graphic  display  console  are  listed  below: 

a  The  console  must  be  capable  of  displaying  map  backgrounds  for 
comprehension  of  the  overall  tactical  situation,  for  more  detailed 
Inspection  of  the  terrain  at  orjn  the  vicinity  of  a  superimposed  symbol, 
and  for  selective  terrain  analysis  without  superimposed  symbology. 

£  The  user  shout'd  be  c.ble  to  tailor  the  map  background  to  the 
tactical  situation.  He  should  be  able  to  specify  the  area  of  coverage 
by  providing  the  console  with  the  coordinates  of  any  two  diagonal  corner 
points.  He  should  also  be  able  to  specify  the  desired  level  of  map 
detail  by  being  able  to  display  particular  map  features  (e.g.,  grid 
lines,  roads,  rivers,  contours)  individually,  or  In  combination,  for  the 
defined  area  of  coverage. 

c  When  the  console  operalor  changes  the  map  area  of  coverage, 
dynamic  symbology  must  be  automatically  displayed  at  the  appropriate  map 
locations. 
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5  The  minimum  dynamic  symbol  capabilities  required  for  the  inter¬ 
active  graphic  display  console  are  listed  below: 

a  The  console  must  be  able  to  display  alphanumeric  characters, 
selected  FM  21-30  symbols,  symbology  added  to  the  symbol  generator  hy 
the  user,  circles,  ellipses,  and  freehand  graphics  such  as  symbols  for 
boundaries  and  axis  of  advance. 

t>  A  minimum  of  three  colors  is  required.  Three  colors  allow 
friendly,  enemy,  and  control  measure  symbols  to  be  color  coded.  Four  1o 
six  colors  are  desirable. 

£  Displays  on  the  console  must  be  viewable.  Viewability  encom¬ 
passes  legibility  of  the  dynamic  as  well  as  map  symbology  and  compre¬ 
hensibility  of  the  display.  The  minimum  requirements  pertaining  to 
viewability  for  the  console  displays  are  listed  below: 

<3  The  operator  should  be  able  to  easily  identify  any  dynamic  or 
map  symbol  on  the  display  while  working  under  normal  office  lighting. 

Full  legibility  with  desk  lamps  only  at  each  work  space  is  marginally 
acceptable.  To  assist  in  achieving  full  legibility,  the  brightness  of 
the  dynamic  data  and  the  background  must  be  independently  controllable 
by  the  console  operator.  In  addition,  the  colors  selected  for  the 
display  of  dynamic  symbology  must  have  high  contrast  to  the  backgrounds 
the  symbols  will  be  displayed  upon. 

£  The  console  display  area  must  be  large  enough  to  display  an 
overall  division  tactical  situation  (as  a  minimum,  control  measures  and 
friendly  units  of  battalion  size  and  larger)  with  a  minimum  amousi:of 
symbol  clutter  but  must  not  be  so  large  as  to  cause  the  operator  undue 
eyestrain  or  head  movement. 

£  Dynamic  symbols  superimposed  upon  the  map  background  must  meet 
user  placement  accuracy  requirements.  Current  manual  procedures  for 
plotting  symbols  against  the  1:50,000  scale  standard  military  map  have 
an  inherent  plotting  accuracy.  The  average  individual  updating  a  map  in 
the  TOC  will,  with  few  exceptions,  position  a  given  symbol  within  ! 00 
meters  of  its  specified  map  location.  Most  display  users  in  the 
operations  and  intelligence  sections  of  the  TOC  are  concerned  with  the 
effect  that  symbol  placement  accuracy  has  on  the  evaluation  of  the 
positional  relationships  of  the  displayed  symbols.  While  some  users  may 
require  greater  accuracy,  the  inherent  accuracy  of  manual  map  posting  is 
acceptable  to  most  users  in  the  TOC.  Oats  items  superimposed  against  a 
map  background  on  the  interactive  graphic  display  console  must  appear  to 
the  viewer  to  be  ho  more  than  100  meters  from  the  specified  map  location. 

(b)  Group  display  output  device.  The  primary  purpose  of  the  group 
display  output  device  is  to  present  di splays  of  the  overall  division 


15 


tactical  situation  to  an  audience  of  at  least  20  persons.  The  display 
is  first  composed  and  displayed  on  an  interactive  graphic  display  con¬ 
sole  before  being  transferred  to  the  group  display  device  and  consists 
oh' two  parts:  a  map  background  and  the  dynamic  symbology  which  is 
superimposed  upon  the  background. 

j_  The  minimum  map  background  capabilities  required  for  the  group 
display  output  device  are  I'sted  below: 

a  The  device  must  be  capable  of  displaying  map  backgrounds  for 
comprehension  of  the  overall  tactical  situation. 

!b  The  map  backgrounds  displayed  fcr  comprehension  of  the  overall 
tactical  situation  must  be  identical  to  those  used  on  the  interactive 
graphic  display  console  for  the  same  purpose. 

2^  The  minimum  dynamic  symbol  capabilities  required  for  the  group 
display  output  device  are  listed  below: 

a  The  device  must  be  able  to  d:sp!ay  the  identical  alphanumeric, 
military  unit,  and  graphic  symbols  required  for  display  on  the  console. 
The  symbol  styie  and  proportion  must  match  that  on  the  console. 

b^  A  minimum  of  three  colors  is  required.  Three  colors  allow 
friendly,  enemy,  and  control  measure  symbols  to  be  color  coded.  Four  to 
six  colors  are  desirable. 

3  Displays  on  the  device  must  be  viewable.  Viewabillty  encom¬ 
passes  legibility  of  the  dynamic  as  well  as  map  symbology  and  compre¬ 
hensibility  of  the  display.  The  minimum  requirements  pretaining  to 
viewability  for  the  group  display  output  device  are  listed  below: 

a  Each  person  in  the  audience  should  be  able  to  easily  identify 
any  dynamic  or  map  symbol  under  normal  office  lighting.  Full  legibility 
with  ambient  lighting  set  to  the  minimum  required  for  note  taking  is 
marginally  acceptable.  To  assist  in  achieving  full  legibility,  the 
brightness  of  the  dynamic  data  as  well  as  that  of  the  background  must  be 
independently  control iable.  In  addition,  the  colors  selected  for  the 
display  of  dynamic  symbology  must  have  high  contrast  to  the  backgrounds 
they  will  be  displayed  upon. 

ib  The  display  area  must  be  large  enough  to  display  the  overall 
division  tactical  situation  (as  a  m/nimurn,  control  measures  and  friendly 
units  of  battalion  size  and  larger)  with  a  minimum  amount  of  symbol 
clutter  but  must  not  be  so  large  as  to  cause  the  audience  undue  eye- 
strain  or  head  movement. 

-4  Displays  on  the  device  are  transferred  from  an  interactive 
graphic  display  console.  Therefore,  requirements  which  facilitate  the 
transfer  of  displays  must  be  met. 
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a  Rapid  transfer  of  displays  Is  required  to  preclude  audience 
Inconvenience. 

Once  the  transfer  of  a  scene  from  the  console  to  the  group 
display  has  been  accomplished,  the  scene  on  the  group  display  must  be 
displayed  Independently  of  display  scenes  on  the  console  in  order  that 
the  console  be  free  to  display  other  scenes. 

Dynamic  symbols  superimposed  against  a  map  background  must  meet 
user  placement  accuracy  requirements.  Data  items  superimposed  against  a 
map  background  on  the  group  display  output  device  must  appear  to  the 
viewer  to  be  no  more  than  100  meters  from  the  specified  location. 

(c)  Map  overlay  input  device.  The  main  purpose  of  the  map  overlay 
input  device  is  the  input  of  freehand  graphic  data  such  as  that  found  on 
an  operation  overlay  (e.g.,  symbols  for  boundaries,  objectives,  phase 
lines).  A  secondary  purpose  is  the  highlighting  of  map  data  (e.g., 
roads,  rivers).  Either  use  of  the  device  requires  that  the  overlay  or 
the  map  sheet  be  placed  on  tha  device  and  the  data  be  traced  or  input  to 
the  system  in  some  manner. 

1  A  primary  requirement  fcr  the  device  is  ease  of  use.  The  pro¬ 
cedures  for  registering  the  map  sheet  from  which  the  overlay  or  map  data 
is  to  be  traced  and  the  procedures  for  Input  of  the  data  must  be  simple. 

£  Map  registration  must  be  performed  by  providing  the  system  with 
only  the  coordinates  of  any  two  grid  intersections  diagonally  located  in 
relation  to  each  other.  Once  registration  fs  accomplished,  reregis¬ 
tration  should  not  be  required  until  a  new  map  Is  used.  The  map  must 
not  have  to  be  exactly  centered  and  vertical. 

b  Data  Items  should  be  input  by  Indicating  the  series  of  points 
which  define  each  item.  As  each  succeeding  point  of  a  data  item  is 
selected,  the  resulting  cumulative  tine  segment  should  be  automatically 
connected  and  displayed  on  the  Interactive  graphic  display  console. 

When  inputting  an  item,  the  user  must  be  able  to  specify  the  type  of 
line  desired  (e.g.,  solid,  dashed),  the  category  that  the  item  is  to  be 
displayed  under,  and  the  color  of  the  item. 

2  The  device  must  meet  user  requirements  for  area  of  map  coverage. 
The  device  must  be  large  enough  to  accommodate  me  mop  area  of  coverage 
for  the  majority  of  division  tactical  situations.  Experience  indicates 
that  this  area  Is  at  least  50  kilometers  by  50  kilometers.  The  size  of 
this  area  on  a  scale  of  1:50,000  (the  scale  of  maps  most  widely  used  in 
the  division)  is  I  meter  by  I  meter. 

The  device  must  also  meet  user  requirements  for  accuracy  of  the 
input  da+3.  Tne  map  background  used  on  the  map  overlay  Input  device 


must  be  r«ag i stered  so  that  a  data  Item  entered  as  a  series  of  points  on 
ei'rher  Vfie  overlay  or  the  map  Itself,  when  displayed  on  the  console  or 
group  display,  has  the  points  displayed  within  100  meters  of  the  points 
entered  thru  I* ha  device. 

(d)  Map  overlay  output  device.  The  map  overlay  output  device 
provides  nard  copy  ot  Interactive  graphic  display  console  scenes. 

_l_  The  outpu In  the  form  of  an  overlay  for  use  with  standard 
paper  maps,  must  ma..t  the  following  requirements: 

a  The  devic*.-  sho-.  id  have  the  ability  to  provide  output  to  any 
scale  desired.  As  a  mi?  I mum,  the  operator  must  be  able  to  specify 
scales  of  1:25,000,  1:50, -TOG.,  1:100,000,  and  1:250,000. 

The  output  size  must  b»  large  enough  to  accommodate  the  map  area 
of  coverage  for  the  majority  of  division  tactical  situations.  Experience 
indicates  that  this  area  js  at  least  50  kilometers  by  50  kilometers. 

The  size  of  this  area  on  a  scale  of  1:50,000  (the  scale  of  maps  most 
widely  used  in  the  division)  is  !  meter  by  I  meter. 

c  The  overlay  must  be  output  on  *ransparent  material.  However, 
this  Ts  not  intended  to  exclude  output  on  other  material  such  as  paper. 

2_  The  overlay  must  match  the  scene  displayed  on  the  console  and 
musf  meet  the  following  requirements: 

a  The  device  must  be  capable  of  outputting  The  identical  alpha¬ 
numeric,  military  unlv,  and  graphic  symbols  required  for  display  on  the 
console.  The  symbol  style  and  proportion  must  match  that  used  for  fhe 
console. 


A  minimum  of  three  colors  is  required.  Three  colors  allow 
friendly,  enemy,  and  control  measure  symbols  to  be  color  coded.  Four  +o 
six  colors  are  desirable.  Color  -election  should  be  based  upon  obtain¬ 
ing  a  high  degree  of  contrast  in  relation  to  the  map  backgrounds  the 
overlays  will  be  displayed  against. 

_5  Output  from  the  device  must  be  timely  and  must  meet  user  accuracy 
requ i rements : 

a  The  device  should  be  capable  of  multiple  copy  output.  Multiple 
copy  output  must  be  rapid  enough  to  preclude  user  inconvenience. 

b.  The  da+a  items  on  the  overlay,  when  placed  over  the  appropriate 
map.  must  be  within  100  meters  of  the  correct  symbol  locations.  While 
This  accuracy  is  tolerable  for  most  uses  of  the  overlay,  o+her  uses 
(o.g.,  targeting)  may  require  greater  accuracy. 
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(el  Printer.  The  printer  provides  hard  copy  of  alphanumeric  data. 
It  mush  meet  The  following  requ i rements : 

The  printer  must  have  the  capability  to  print  the  61-cnaracter 
American  Standard  Code  for  Information  !nterch~"ie  (ASCII)  set. 

2  The  printed  characters  must  be  fu'ly  legible  in  erst* lent  light  as 
low  as  the  minimum  required  for  reading  high  contrast  or  well-printed 
material. 

3^  The  output  must  be  sufficiently  rapid  to  preclude  user  incon¬ 
venience  and  should  be  the  standard  3- inch  by  10  1/2- inch  size  +o 
facilitate  reproduction  by  existing  equipment. 

4_  The  print  area  must  be  visible  to  the  user  to  preclude  the 
possibility  of  output  not  being  noticed  or  of  having  to  advance  the  page 
to  read  newly  received  data. 

. if)  Alphanumeric  display  console.  The  alphanumeric  display  con¬ 
sole  Is  the  primary  device  for  the  input,  display,  manipulation,  and 
transmission  of  alphanumeric  data, 

1  The  operator  procedures  ,‘or  the  functional  capabilities  of  the 
console  must  be  easy  to  use.  The  procedures  recommended  for  the  Inter¬ 
active  graphic  display  console  exemplify  the  degree  of  simplicity  and 
user  convenience  desired. 

2  Displays  on  the  console  must  be  viewable.  Viewability  includes 
legibility  of  the  dynamic  symbology  as  well  as  comprehensibility  of  the 
display.  The  minimum  requ ’ rements  pertaining  to  viewobllity  for  the 
alphanumeric  display  console  are  listed  below 

£  The  symbols  required  to  be  displayed  on  the  console  are  fhe 
64-character  ASCII  set.  Message  formats  as  well  ee  tabular  chart  out¬ 
lines  will  a  I  so  be  displayed. 

b  Two  colors  are  desirable.  The  second  color  allows  message 
formaTs  and  tabular  chart  outlines  to  be  readily  distinguishable. 

£  Displays  on  the  consols  must  be  fully  legit le  under  normal 
office  lighting. 

d_  The  screen  should  be  sufficiently  large  to  present  the  required 
alphanumeric  displays,  but  should  not  be  so  large  as  to  cause  undue 
operator  eye  and  head  movement. 

c.  Objective  3:  Performance  of  evaluated  automated  display 
systems . 


(I)  None  of  the  three  candidate  systems  evaluated  during  the 
experimentation  fully  met  al!  of  the  requirement!:  determined  in 
objective  2  of  the  experimentation^ 

(2>  Evaluated  :ol  Icctteoly.  --'lo  perfoi maiico  of  the  ihr«e  systems 
demonstrated  that  available  hardware  and  software  technology  have  !he 
potential  te  meet  the  automated  di-play  system  technical  perform?:nce 
requirements  described  in  this  report.  These  performance  requirements 
should  be  need  as  -the  basis  fc**  .Vrfier  evclut ‘oner y  developmeiri  of 
automated  display  systems. 

(3)  The  CRT  system  demonstrated  +he  best  performance  overall.  The 
performance  was  attribufafcte.  prime’*'!  /  fx>  +!,e  .tern  software  design 
which  provided  more  capability  a  id  flexibility  in  the  display  and  manip¬ 
ulation  of  data  than  was  'doiRoucfra ted  l  y  lie  older  tv:o  systems.  The 
performance  of  the  CRT  system  was  enhanced  by  the  use  of  a  magnetic  disk 
storage  unit  which  a !  lowed-- for  a  greater  number  of  display  routines  tear? 
were  provided  by  the  other  two  s  vs  terns.  The  routines  were  rapi-!|y 
accessible  by  the  display  processor  and  were  called  upon  as  required. 

(4)  None  of  the  devices  evaluated  met  all  the  requirements  spec¬ 
ified  for  the  device.  However,  the  devices  of  each  system  which  demon¬ 
strated  the  greatest  overall  capability  in  meeting  the  requirements 
specified  for  the  device  are  shown  in  figure  1-3. 
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Figure  1-3.  Relative  performance  of  system  devices. 
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CHAPTER  2  -  Conclusions  and  Recommendations 
2- I .  Conclusions. 

a.  An  automated  display  system  (a  display  processor  controlling 
several  interactive  graphic  display  consoles  and  other  input  or  output 
devices  as  required)  has  the  potential  to  improve  the  planning  and 
control  of  operations  In  a  division  tactical  operations  center.  Two 
major  advantages  of  the  system  are  the  presentation  of  displays  which 
are  familiar  to  the  user  and  the  rapid  and  flexible  response  to  user 
requirements.  These  advantages  can  provide  data  management  capability 
superior  to  current  manual  means. 

b.  The  materiel  need  document  for  the  tactical  operations  system 
fMN  for  TOS)  requires  revision.  The  revision  must  emphasize  that  the 
interactive  graphic  display  console  and  a  display  processor  integral  to 
the  system  are  the  basic  components  of  any  display  system  envisioned  for 
tactical  use.  The  revision  should  also  recognize  that  the  integral  dis¬ 
play  processor  provides  the  automated  display  system  with  a  "stand¬ 
alone”  capability.  The  Impact  of  this  "stand-alone”  capability  should 
be  investigated. 

c.  Investigation  to  determine  the  specific  user  applications  which 
can  be  effectively  accomplished  by  an  automated  display  system  should  be 
conducted.  The  technical  performance  requirements  outlined  in  this 
report  are  the  basic  capabilities  required  as  a  point  of  departure  for 
development  of  tactical  automated  display  system  applications. 

d.  Allhough  none  of  the  three  systems  fully  met  the  technical 
performance  requirements  arrived  at  as  a  result  of  the  experimentation, 
evaluation  of  the  collective  performance  of  the  systems  indicates  that 
available  technology  has  the  potential  to  meet  ihe  requirements  stated. 
These  performance  requirements  should  be  used  as  the  basis  for  further 
evolutionary  development  of  automated  display  systems. 

e.  Evaluation  of  the  performance  of  the  three  systems  indicates 
the  necessity  for  emphasis  on  careful  and  complete  definition  of  user 
inputs  and  the  outputs  that  the  user  expects  the  automated  display 
system  to  provide.  This  definition  has  a  great  impact  on  the  develop¬ 
ment  of  the  appropriate  software  which  in  turn  determines  how  well  the 
system  will  meet  the  user's  requirements. 

f.  Experimentation  using  commercially  developed  hardware  and 
software  is  an  efficient  and  effective  way  to  identify  and  refine 
performance  capabilities  required  for  automafed  display  systems. 

g.  The  display  of  map  backgrounds  by  an  automated  display  system 
is  not  expected  to  totally  replace  the  use  of  paper  maps  in  the  T0C.  In 
this  light,  investigation  to  determine  the  best  means  for  providing  map 
backgrounds  for  automated  display  systems  is  required.  A  display 
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without  usable  map  backgrounds  is  ineffective.  The  dlspla/  of  a  map 
background  is  as  Important  to  the  user  3S  the  display  of  tie  dynamic 
symbol1,  superimposed  on  tne  background.  The  user  should  be  able  to 
tailor  both  the  map  area  of  coverage  arid  the  level  of  detail  to  the 
situation. 

h.  The  selected  display  technology  will  determine  the  colors 
available  for  displaying  dynamic  symbology.  The  color  capabilities  of 
available  and  potential  display  technologies  require  further  investig¬ 
ation  to  identify  principles  for  the  selection  of  colors.  The  contrast 
and  brightness  of  the  colors  must  be  compatible  with  the  map  backgrounds 
they  will  be  displayed  upon.  Therefore,  the  investigation  should  be 
conducted  in  conjunction  with  or  be  based  upon  the  results  of  the  study- 
on  map  backgrounds. 

2-2.  Recommendat ions. 

a.  That  continued  experimentation  with  automated  display  syslems 
be  conducted  with  emphasis  on  the  following  actions: 

(1)  Identification  of  functional  applications  for  automated  dis¬ 
play  systems.  In  making  this  identification  coordination  should  be  made 
with  qualified  user  personnel. 

(2)  Determination  of  the  display  system  components  required  by 
potential  users  at  division  level  initially  and  at  other  echelons  if  it 
is  determined  that  automated  display  systems  are  required  at  these 
echelons. 

(3)  Investigation  of  alternative  means  of  providing  automated 
display  system  support  to  tactical  operations  centers  to  include  "stand¬ 
alone"  display  systems  supporting  single  users  or  echelons. 

b.  That  the  findings  pertaining  to  automated  displays  in  tactical 
operations  centers  and  the  findings  pertaining  to  system  technical 
performance  requirements  be  used  as  a  basis  for  revision  of  the  approp¬ 
riate  portion  of  the  MN  for  TOS  document. 

c.  That  a  study  be  conducted  to  determine  the  best  means  of 
providing  map  backgrounds  for  automated  display  systems.  The  study 
should  specifically  focus  on  techniques  which  can  be  used  to  provide  the 
automated  display  system  user  with  the  ability  to  tailor  both  the  map 
area  of  coverage  and  the  ievel  of  detail  to  the  sf+uatlon. 

d.  That  the  coior  capabilities  of  available  and  potential  display 
technologies  be  further  investigated  to  identify  principles  for  the 
selection  of  colors  to  display  dynamic  symbology.  The  Investigation 
should  be  conducted  with  or  be  based  upon  the  results  of  the  study  on 
map  backgrounds. 
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!BCS:  AUTOMATED  DISPLAYS 
Test  Number  FMII6 


PART  TWO  -  TEST  AND  FINDINGS 
CHAPTER  I  -  General 
Section  I  -  Introduction 


I  - 1 .  Purpose, 

a.  The  automated  displays  experimentation  program  examined  three 
candidate  automated  display  technologies  to  evaluate  system  technical 
requirements  and  to  ascertain  how  automated  display  systems  car.  best 
support  the  planning  and  control  of  tactical  operations.  This  general 
purpose  was  translated  into  three  objectives: 

(1)  Objective  I.  Determine  how  computer  driven  displays  can  best 
support  the  planning  and  control  of  tactical  operati  ms. 

(2)  Objective  2.  Evaluate  proposed  requirements  statement  under 
operational  conditions  and  recommend  changes  as  appropriate. 

(3)  Objective  3.  Evaluate  the  suitability  of  candidate  computer 
driven  display  technological  approaches  to  meet  proposed  requirements 
criteria. 


b.  Completion  of  objective  I  provided  a  baseline  against  which  the 
findings  in  objectives  2  and  3  could  be  referenced.  Objective  2  focused 
on  evaluating,  refining,  determining,  and  stating  technical  performance 
requirements  for  automated  display  systems  that  are  envisioned  for  use 
by  the  operations  and  intelligence  staff  sections  in  division  tactical 
operations  centers  (TOC's).  The  display  requirement?  that  were  evaluated 
are  listed  in  the  materiel  need  (MN)  document  for  the  tacticai  operations 
system  (TOS).  Objective  3  was  achieved  by  assessing  the  performance  of 
the  three  candidate  automated  display  systems  against  the  requirements 
stated  in  objective  2. 

c.  Objectives  2  and  3  are  contained  in  the  outline  test  plan 
(OTP).  Objective  I  was  added  by  MASSTER  fo  identify  the  TOC  activities 
which  are  potential  users  of  automated  displays,  determine  their  current 
(manual)  display  requirements,  and  identify  the  components  of  ar  auto¬ 
mated  display  system  which  could  facilitate  the  operation  of  tfu  TOC 
activities  identified.  The  addition  of  the  objective  was  approved  by 
the  test  proponent  (Combat  Developments  Command  (USACDC)). 
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I -2 .  Background . 

a.  Experimentation  with  large  screen  displays  was  initiated  in 
MASSTER  Command  Post  Exercise  (CPX)  CP3.  The  purpose  of  the  experimen¬ 
tation  was  to  determine  the  feasibility  of  using  computer-assisted  large 
screen  displays  at  the  division  level  in  a  tactical  environment.  The 
initial  phase  consisted  of  experimentation  with  a  large  screen  "stand¬ 
alone”  display  system  which  employed  a  scribing  projection  technique. 

The  results  indicated  that  computer  driven  display  systems  could  be 
useful  in  the  division  tactical  operations  center  (DTOC),  The  results 
also  indicated  that  additional  experimentation  to  define  system  perform¬ 
ance  requirements  and  evaluate  available  display  technologies  would  be 
benefici-i.  An  OTP  was  developed  by  USACDC  to  define  the  additional 
experimentation  needed.  This  plan  was  designated  as  FM 116. 

b.  In  June  1972  approval  was  received  from  the  Department  of  the 
Army  for  a  6-month  lease  of  two  candidate  automated  display  systems. 
Specifications  were  prepared  to  meet  the  objectives  stated  in  the  OTP. 
Competitive  contracts  were  awarded  to  the  Northrop  Corporation  for 
development  of  the  scribe  projection  system  and  to  the  General  Dynamics 
Corporation  for  development  of  the  cathrode-ray  tube  (CRT)  projection 
system. 


c.  In  addition  to  the  scribe  and  CRT  systems,  a  third  automated 
display  system  was  evaluated.  The  system  was  developed  for  the  United 
States  Army  Materiel  Command  -  Electronics  Command  (USAMC-ECOM)  by  the 
Singer  Librascope  Corporation,  and  it  used  a  photochromic  film  pro¬ 
jection  technique.  Although  the  system  did  not  possess  many  of  the 
hardware  and  software  capabilities  called  for  in  the  specifications 
prepared  for  the  scribe  and  CRT  systems,  it  did  possess  a  number  of 
capabilities  which  could  be  evaluated  and  compared  with  the  other  two 
systems.  Only  those  portions  of  the  FM I i 6  test  plan  applicable  to  the 
photochromic  system  were  used. 

1-3.  System  Description.  Three  automated  display  systems  were  eval¬ 
uated.  Each  system  differed  in  the  technology  used  to  rear  project 
dynamic  symbology  (military  unit  symbols,  alphanumerics,  and  graphics) 
onto  a  large  screen.  The  systems  had  similar  hardware  configurations. 
The  operation  of  each  was  controlled  by  a  minicomputer  which  processed 
displayable  data  and  caused  the  appropriate  symbols  to  be  displayed  on 
the  large  screen  and  on  a  CRT  display  console.  Each  system  displayed 
map  backgrounds  and  formats  on  the  large  screen  by  means  of  slides. 

Each  system  also  included  a  CRT  display  console  (two  consoles  with  the 
scribe  system)  and  a  number  of  other  devices  for  the  input  or  output  of 
data.  Derailed  descriptions  of  the  individual  components  of  the  three 
systems  are  contained  in  chapter  2,  section  III,  Performance  of  evalu¬ 
ated  automated  display  systems. 

a.  Scribe  projection  system. 
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(1)  The  scribe  system  used  commercial  hardware  components  and  was 
developed  by  the  Northrop  Corporation.  Figure  I -I  is  a  schematic 
diagram  of  the  system.  Dynamic  symbology  for  projection  onto  a  5-foot 
by  5-foot  screen  was  computer  generated  and  mechanically  etched  on  a 
metal-coated  glass  slide  by  one  of  two  scribing  projectors.  Both 
projectors  contained  40  slide  positions  which  were  separately  address¬ 
able  by  the  computer.  Slides  of  map  backgrounds  and  formats  were  pro¬ 
jected  onto  the  large  screen  by  two  reference  projectors.  Each  reference 
projector  contained  40  addressable  slide  positions.  A  fifth  projector 
was  used  to  h Ighl lght4  by  means  of  a  marking  cursor,  symbols  on  the 
large  screen.  The  cursor  was  also  used  for  map  background  registration. 
The  projectors  used  Incandescent  bulbs  to  display  symbology  on  the  large 
screen.  Each  of  the  five  projectors  was  capable  of  displaying  symbols 

in  one  of  six  colors:  red,  green,  blue,  orange,  yellow,  or  white. 

(2)  An  analyst  and  an  editing  console  (both  were  CRT  display 
devices)  allowed  the  operator  to  interact  with  the  system.  Neither  of 
The  consoles  had  the  capability  to  display  map  backgrounds  on  its  dis¬ 
play  screen.  Each  console  displayed  dynamic  symbology  in  one  color 
(green  on  the  editing  console  and  white  on  the  analyst  console). 

(3)  A  teletypewriter  was  used  for  system  technical  control.  A 
medium  speed  printer  provided  output  of  alphanumeric  data  contained  in 
the  system  data  base. 

(4)  Freehand  graphic  data  such  as  symbols  for  objectives,  phase 
lines,  and  boundaries  were  input  through  the  graphic  input  device.  Hard 
copy  output  (not  to  scale)  of  displays  was  provided  through  the  graphic 
hard  copy  reproducer.  Storage  and  recall  of  display  scenes  were  provided 
by  the  magnetic  tape  unit. 

b.  CRT  projection  system. 

(1)  The  CRT  system  used  commercial  hardware  components  and  was 
developed  by  the  General  Dynamics  Corporation.  Figure  1-2  is  a  sche¬ 
matic  diagram  of  the  system.  The  system  used  two  CRT  projectors  (one 
red  and  one  green)  to  display  dynamic  symbology  on  a  5-foot  by  5-foot 
screen.  Map  backgrounds  which  were  on  35-millimeter  slides  were  pro¬ 
jected  onto  the  screen  by  a  carousel  projector.  The  carousel  contained 
90  computer-addressable  slide  positions, 

(2)  The  analyst  console,  a  rear-ported  CRT  display  device,  allowed 
the  operator  to  interact  with  Ihe  system.  Map  backgrounds  and  formats 
were  projected  onto  the  face  of  the  screen  through  a  rear-port  in  the 
CRT.  A  carousel  projector  with  80  computer-addressable  slide  positions 
was  used  to  project  the  backgrounds.  The  slide  carousels  on  the  console 
and  large  screen  projectors  were  independently  addressable.  This  allowed 
the  display  of  backgrounds  which  were  not  necessarily  the  same.  Dynamic 
symbology  was  displayed  on  the  console  screen  in  two  colors:  red  and 
green. 
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(3)  The  teletypewriter,  medium  speed  printer,  graphic  input  dey Ice, 
and  hard  copy  reproducer  performed  the  same  functions  as  those  described 
tor  the  scribe  system.  However,  the  output  of  the  CRT  system’s  hard 
copy,  reproducer  was  to  scale.  The  magnetic  tape  and  disk  memory  units 
allowed  for  storage  and  recall  of  displays, 

c.  Photochrcmic  projection  system. 

(1)  The  photochromic  system  was  a  militarized  system  that  was 
developed  for  the  USAMC-ECOM  by  the  Singer  Ubrascope  Corporation. 

Figure  !-3  is  a  schematic  diagram  of  the  system.  An  ultraviolet  laser 
provided  a  beam  of  high  energy  which  was  positioned  by  deflection 
mirrors  to  form  the  dynamic  symbols  on  heat  sensitive  photochromic  film. 
The  generated  symbols  were  Illuminated  by  a  xenon  projector  lamp  and 
projected  In  blue  onto  a  6-foot  by  4  l/2-foot  screen.  A  second  (blue- 
green)  laser  was  used  to  display  a  marking  cursor.  The  cursor  ai lowed 
symbology  to  be  visually  located  or  highlighted  at  any  location  on  the 
screen  and  also  allowed  registration  of  map  backgrounds.  Map  backgrounds 
and  formats  were  contained  in  a  70-mi  I i imeter  revolving  sl  ide  container. 
The  container  had  60  computer-addressable  slide  positions. 

(2)  Operator  interaction  with  the  system  was  provided  by  the  data 
edit  and  entry  module  (DEEM).  This  device  included  a  CRT  display  and  a 
separate  keyboard  console. 

(3)  The  teletypewriter  and  hard  copy  reproducer  performed  tne  same 
functions  as  those  described  for  the  scribe  system.  The  hard  copy 
reproducer  used  a  photochromic  film  writing  technique  similar  to  that 
used  for  the  large  screen  and  produced  scale  copies  of  display  scenes  on 
transparent  material.  No  on-line  storage  of  display  scenes  existed. 
Display  scenes  could  be  stored  off-line  by  outputting  them  on  the  punched 
paper  tape  available  on  the  teletypewriter. 

Section  II  -  Test  Design 

1-4.  Test  Methodology.  A  brief  description  of  how  each  experimentation 
objective  was  accomplished  follows: 

a.  Objective  I  -  Determine  how  computer  driven  displays  can  best 
support  the  planning  ana  control  of  tactical  operations.  MASSTER  test 
reports,  studies,  field  manuals,  and  other  documents  were  researched  In 
order  to  identify  In  general  terms  those  TOC  activities  that  used  dis¬ 
plays  and  to  determine  what  those  displays  were.  Based  on  this  research, 
a  questionnaire  was  designed  and  distributed  to  representative  user 
personnel  in  units  at  Fort  Hood.  The  replies  were  used  to  identify  the 
information  display  requirements  of  those  TOC  activities  which  used 
displays.  The  net  result  of  this  entire  effort  was  the  Identification 
of  potential  automated  display  users  and  their  current  (manual)  display 
requ i remen ts . 
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Figure  1-3.  Photochromic  projection  system. 


b.  Objective  2  -  Evaluate  proposed  requirements  statement  under 
operational  conditions  and  recommend  chanqes  as  appropriate.  An  evalua¬ 
tion  of  the  data  gathered  during  the  experiment  was  used  to  Identify  and 
qualify  the  performance  requirements  for  automated  display  systems.  The 
following  factors  were  considered  In  the  evaluation: 

(1)  The  group  display  device  and  analysis  console  component  char¬ 
acteristics  stated  In  the  MN  for  TOS. 

(2)  The  current  (manual)  display  requirements  derived  by  completing 
objective  I. 

(3)  Oata  collected  during  the  2-week  CPX  portion  of  the  experiment. 

(4)  Component  performance  data  collected  during  the  performance 
testing  portion  of  the  experiment. 

(5)  Special  evaluator  comments. 

(6)  Data  obtained  from  research  of  display  system  literature. 

c.  Objective  3  -  Evaluate  the  suitability  of  candidate  computer 
driven  display  technological  approaches  to  meet  proposed  requirements 
criteria.  Performance  data  collected  during  the  performance  testing 
portion  of  the  experiment  was  evaluated  against  the  requirements  derived 
from  objective  2, 

d.  Each  of  the  three  experimentation  objectives  was  subdivided 
into  subobjectives.  Analysis  of  the  subobjec. ives  led  to  the  identifi¬ 
cation  of  essential  elements  of  analysis  (EEA’s)  wflch  asked  the  basic 
questions.  Related  EEA’s  which  could  best  be  answered  together  were 
grouped  into  discrete  tasks  called  work  segments.  Each  work  segment  was 
a  complete  package.  The  packages  Included  detailed  procedures  for  data 
collection,  appropriate  system  inputs,  data  collection  forms,  and  data 
reduction  procedures.  Part  three  of  this  report  contains  the  subobjec¬ 
tives,  EEA’s,  and  work  segment  descriptions. 

e.  Twenty-two  work  segments  were  Identified.  Three  of  the  work 
segments  required  the  display  systems  to  receive  and  display  data  from 
the  developmental  tactical  operations  system  (DEVTOS).  Data  trans¬ 
mission  between  DEVTOS  and  the  display  systems  was  one  way  only.  However, 
display  system  users  were  able  to  input  data  to  DEVTOS  by  the  use  of  a 
message  Input-output  device  (MIOD)  co-located  with  each  display  system. 
Three  work  segments  did  not  require  the  display  systems  and  were  con¬ 
ducted  before  actual  experimentation  with  the  systems  began.  One  of  the 
work  segments  was  a  2-week  CPX  during  which  player  personnel  used  two 
display  systems  (scribe  and  CRT)  to  assist  in  performing  G2,  G3,  and 
battlefield  information  coordination  center  (BICC)  activities  In  a  CPX 
envlronmen-i . 
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f.  A  number  of-  the  work  segments  required  the  display  of  map  back¬ 
grounds.  A  conference  was  held  at  Fort  Hood  on  25  and  26  July  1972  to 
determine  the  map  backgrounds  to  be  displayed  by  the  candidate  systems 
during  the  experimentation.  Attendees  at  the  conference  were  repre¬ 
sentatives  from  the  Defense  Mapping  Agency,  Army  Tactical  Dafa  Systems, 
Human  Engineering  Laboratory,  Behavioral  Science  Research  Laboratory, 
United  States  Army  Materiel  Command-Electronics  Command,  Engineer  Topo¬ 
graphic  Laboratory,  Combat  Developments  Command,  Tactical  Systems  Develop¬ 
ment  Group,  Computer  Systems.  Command,  Northrop  Corporation,  General 
Dynamics  Corporation,  and  MASSTER.  The  map  area  of  coverage  selected 
was  fhe  same  as  that  used  on  MASSTER  Test  113,  a  command  and  control 
CPX.  This  allowed  the  use  of  the  CPX  tactical  scenario  input  messages 
which  were  available  from  a  DEVTOS  log  tape.  Both  the  scribe  and  the 
CRT  systems  used  a  rear  projection  technique  for  background  display. 
Personnel  at  the  conference  determined  the  types  of  map  backgrounds  to 
be  used  and  the  area  of  coverage  of  each  slide.  They  also  determined 
that  slides  which  displayed  varying  levels  of  map  detail  up  to  and 
including  that  found  on  the  1:50,000  scale  standard  military  topographic 
map  would  be  prepared.  The  Defense  Mapping  Agency  produced  the  slides 
in  accord  with  specifications  provided  by  MASSTER.  Details  of  the 
specific  map  backgrounds  used  during  fhe  experimentation  are  contained 
in  chapter  2,  section  III,  subparagraph  2-7b. 

1-5.  Test  Events.  The  major  test  event  dates  are  listed  below. 

a.  Test  plan  in  process  review  12  Dec  72 

b.  Displays  experimentation  (scribe)  began  12  Feb  73 

c.  CPX  (scribe,  CRT)  30  Apr- i I  May  73 

d.  Displays  experimentation  (CRT)  began  21  May  73 

e.  Displays  experimentation  (photochromies  began  29  Oct  73 

f.  Test  concluded  9  Jan, 74 

1-6.  Training. 


w 

I 
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a.  Personnel  from  HQ,  MASSTER  and  Fort  Hood  units  participated  in 
the  experimentation.  The  ainount  of  training  they  received  on  the  CRT 
and  scribe  systems  is  shown  in  figure  1-4.  Training  on  the  photochromic 
system  consisted  of  4  weeks  for  two  operators  and  I  week  for  six  test 
control lers. 
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Type  of 
personnel 


Number 
of  personnel 


Amount  of 
Unit  training 

(week) 


Test  control  team  8 

(Controllers,  data 
col  lectors,  data 
reducers) 

Display  team  (Operators)  5/10* 

CPX  players  (G2/63)  8 

BICC  8 


HQ,  MASSTER  I 

(CC  and  C  Dir) 

2d  Armored  Division  4 

HQ,  MASSTER  I 

(CC  and  C  Dir) 

163d  Military  I 


I nte 1 1 1 gence  Baita 1 1 on 
(Combat) 


*10  were  used  during  the  CPX  only. 

Figure  1-4.  Personnel  training. 


b.  Enlisted  men  served  as  display 
required  to  have  20/20  vision  and  could 
visual  requirements  were  Imposed,  since 
display  team  were  used  as  test  subjects 

1-7.  Logistics.  Hardware  and  software 
provided  throughout  the  experimentation 


team  personnel.  They  were 
not  be  color  blind.  These 
selected  Individuals  from  the 
for  legibility  experiments. 

support  for  each  system  was 
period  by  on-site  vendor  personnel. 


Section  1 1 1  -  Test  Execution 


1-8.  Genera  I . 

a.  The  test  plan  called  for  simultaneous  experimentation  with  the 
scribe  and  CRT  systems.  However,  the  late  delivery  of  the  CRT  system 
necessitated  separate  experimentation.  This  was  not  a  problem  since 
Identical  inputs  provided  to  one  system  for  a  particular  work  segment 
could  also  be  provided  to  the  other  system. 

b.  The  scribe  and  CRT  systems  were  both  operational  during  the 
CPX.  During  this  2-week  period,  the  G2/G3  player  team  and  the  BICC  team 
used  separate  display  systems  to  assist  In  performing  their  missions. 

The  feams  were  rotated  at  the  end  of  the  first  week  so  that  by  the  end 
of  the  CPX  each  team  had  an  equal  amount  of  time  on  both  systems. 

c.  Hardware  and  software  limitations  of  the  photochromlc  system 
precluded  some  of  the  22  work  segments  being  conducted  with  the  system. 
The  system  did  not  have  the  required  routines  for  DEVTOS  Interface. 
Consequently,  the  work  segments,  except  work  segment  5,  which  required 
data  receipt  from  DEVTOS  (Including  the  CPX)  were  not  conducted. 
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In  work  segment  5,  paper  tape  was  used  to  simulate  DEVTOS  message 
receipt.  Other  work  segments  which  required  experimentation  with 
capabilities  that  the  system  did  not  have  were  also  omitted. 

d.  Throughout  the  experimentation  period,  special  evaluators  from 
agencies  outside  of  MASSTER  observed  the  portions  of  the  experimentation 
which  related  to  their  field  of  expertise  and  provided  comments  that 
contributed  to  both  the  experimentation  and  the  findings.  These  agencies 
included  Project  Management  Office,  Army  Tactical  Data  Systems;  Computer 
'Systems  Command;  Army  Research  Institute;  Defense  Mapping  Agency;  Army 
Materiel  Gourmand  -  Electronics  Command;  Engineer  Topographic  Laboratory; 
and  Combined  Arms  Combat  Developments  Activity. 

1-9.  Test  Control . 

a.  The  work  segments  provided  the  framework  of  control  for  the 
experimentation.  Before  each  work  segment  was  conducted,  the  control¬ 
lers,  data  collectors,  and  operators  were  thoroughly  familiar  with  the 
work  segment  procedures.  During  each  work  segment,  the  controllers 

i ’.surer!  that  the  step-by-step  procedures  were  being  followed  and  that 
~he  collected  data  was  complete. 

b.  Tlv>  scope  of  the  experimentation  was  such  that  the  test  con¬ 
trollers  end  key  data  collectors  were  involved  in  the  entire  test  cycle. 
These  key  individuals  planned,  conducted  the  experimentation,  reduced 
the  data,  and  wrote  the  test  report. 

I  — ! 0.  Uncontroi led  Test  Variables.  The  experimentation  was  randomly 
deiayad~Tor  vary i ng  periods  of  "time  by  system  hardware  and  software 
failures.  High  humidity  contributed  to  some  of  the  hardware  failures. 

A  list  of  failures  encountered  on  each  system  is  contained  in  part 
three,  section  IV. 


I  - 1 1 ,  Environmental  Conditions. 

a.  The  experimentation  was  conducted  in  the  Command,  Control,  and 
Communications  Directorate  workshop  area.  The  scribe  system  was  located 
in  bunker  number  9/159,  The  photochromic  system  arrived  after  the 
scribe  system  had  fce?:n  removed,  it  was  also  located  in  bunker  number 
92159.  The  CRT  system  was  located  in  bunker  number  92i6l.  The  dimen¬ 
sions  of  the  bunker  are  shown  in  figure  1-5.  The  bunker  locations  are 
shown  in  figure  1-5. 

b.  Modifications  were  made  to  the  bunkers  prior  to  the  experimen¬ 
tation.  A  16-foot  by  20- foot  plywooa  panel  was  suspended  from  the 
bunker  ceiling  It  was  suspected  8  feet  from  the  floor  and  21  inches  in 
front  of  the  partition  which  contained  the  large  screen.  A  schematic 
drawing  of  the  panel  or  false  ceiling  is  shown  in  figure  1-7.  The  panel 
supported  five  rows  of  Genera!  Electric,  F40  CWX,  mainlighter,  deluxe, 
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Bunker  dimensions 


part 


cool  white  f I orescent  lamps.  Each  row  contained  four  double  iamp  fixtures 
Lamp  intensity  was  adjustable  by  a  rheostat,  and  the  two  rows  nearest 
the  large  screen  were  controlled  independently  by  an  on-off  switch. 
Fifteen- inch  ply  ood  baffles  were  hung  frctii  the  false  ceiling  in  front 
of  the  first  three  rows  of  lamps  to  reduce  glare  on  the  screen.  The 
panels  were  painted  flat  blacl;  and  extended  the  full  widTh  of  the  false 
<.  ailing.  The  false  ceiling  was  used  to  control  the  ambienl  light  inten¬ 
sity  in  the  experimentation  area. 

c.  Each  bunker  was  partitioned  in  Vo  a  service  area,  a  test  area, 
and  an  office  area.  The  bunker  interior  and  the  partition  separating 
the  test  and  service  areas  were  painted  fiat  white.  This  partition,  on 
which  the  large  screen  was  mounted,  was  made  of  2- inch  by  4- inch  stud 
and  sheetrock  and  extended  from  the  floor  to  the  ceiling.  The  partition 
in  the  rear  of  the  bunker,  separating  the  testing  area  from  fhe  adminis¬ 
trative  or  office  area,  was  a  standard  office  divider  with  target  cloth 
hung  from  the  ceiling  and  attached  to  the  civider.  Two  offices  were 
partitioned  of'  ;rom  the  entranceway  by  using  standard  office  dividers. 

The  overhead  lights  in  the  bunker  eritranceway  were  shielded  to  project  a 
minimum  amount  of  light  into  the  testing  area.  The  lamps  in  the  service 
area  behind  the  large  screen  were  the  same  type  as  those  in  the  test 

area  and  could  also  be  separately  controlled  with  a  rheostat.  A  schematic 
drawing  of  each  bunker’s  layout  for  the  three  systems  is  shown  in 
figures  1-8,  1-9,  and  1—10. 

d.  The  bunkers  had  no  heating  or  air  conditioning  equipment 
installed.  Severe  arcing  in  the  CRT  sysfem’s  analyst  console  during 
system  startup  on  very  humid  days  necessitated  the  use  of  'ive  portable 
dehumidifiers.  The  dehumidifiers  were  positioned  near  key  components. 

CHAPTER  2  -  Test  Findings 
Section  I  -  Manual  Display  Requirements 
2-1.  Survey  Results. 

a.  This  section  addresses  objective  I  of  PMII6  -  Determine  how 
computer  driven  displays  can  best  support  the  planning  and  control  of 
tactical  operations.  This  objective  has  three  subobjectives:  identify 
those  TOC  activities  which  use  information  displays;  identify  the  infor¬ 
mation  display  requirements  of  those  TOC  activities  which  use  displays; 
and  identify  the  automated  display  components  which  facilitate  TOC 
activities.  The  data  required  to  answer  the  first  two  subobjectives  was 
collected  by  several  means.  First,  MASSTER  lest  reports,  studies,  field 
manuals,  and  other  documents  were  researched  to  identify,  in  general 
terms,  those  TOC  activities  which  use  displays  and  to  determine  wfat 
these  displays  are.  Next,  a  questionnaire  was  designed  to  obtain  the 


Bunker  schematic,  scribe  system 
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Bunker  schematic,  CRT  system. 
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required  data.  The  questionnaire  was  distributed  to  230  personnel  who 
tad  TOC  experience.  A  discussion  of  the  results  of  both  efforts  is 
presented  in  the  following  subparagraphs.  Part  three,  section  I,  contains 
the  reduced  data  on  which  this  discussion  is  based. 

(I)  The  division,  brigade,  and  battalion  TOC  activities  which  use 
information  displays  are  identified  in  figure  2-1. 


Division 

G2  (Operations-Plans) 

G2  Air 

G2  Intelligence  Team 
(BICC) 

G3  (Operations-Plans) 

G3  Air 

Fire  Support  Element 
(FSE) 

Airspace  Control 
Element  (ACE) 

S i gna I  I nte 1 1 i gence 
Support  Element/ 
Electronic  Warfare 
Element  (SSE/EWE) 

Tactical  Air  Control 
Party  (T^.p) 


Brigade 


52  Intelligence  Team 
(BiCC) 

53 

S3  Air 

Fire  Support 
Coordination  Cente** 
(FSCC) 

TACP 


Battal ion 


52  Intelligence  Team 
(BICC) 

53 

S3  Air 

FSCC 

TACP 


Figure  2-1-  Activities  That  use  information  displays. 


(2)  The  majority  of  division,  brigade,  and  battalion  TOC  act'vities 
use  displays  for  rapid  access  to  frequently  referenced  information  to 
assist  in  planning  and  coordination.  Intelligence  activities  use  dis¬ 
plays  to  assist  in  analysis.  The  majority  of  these  displays  require 
updating  at  least  hourly.  The  number  of  required  information  displays 
range  from  4  for  the  division  and  brigade  TACP  to  19  for  the  division  G3 
(Operations-Plans).  The  situation  map  is  the  most  universally  required 
display. 

(3)  Map  backgrounds  are  required  for  division,  brigade,  and 
battalion  TOC  situation  displays.  The  level  of  detail  found  on  the 
present  standard  military  map  is  not  required  for  many  of  these  dis¬ 
plays.  The  amount  of  map  detail  required  depends  on  the  specific 
purpose  of  the  display.  Since  maps  with  lesser  detail  are  not  in  the 
current  inventory,  the  map  meeting  the  requirements  of  most  TOC  users  is 
the  standard  military  topographic  map. 


'll 


(4)  The  preferred  map  scale  for  use  In  the  division,  brigade,  and 
battalion  TOC  is  1:50,000.  At  the  division  level  TOC,  a  secondary 
preference  is  the  1:100,000  map  scale. 

(5)  The  number  of  colors  used  for  displaying  dynamic  data  is 
dependent  on  the  requirement  to  readily  distinguish  between  various 
information  categories.  Survey  results  from  division,  brigade,  and 
battalion  TOC  users  indicate  that  most  situation  displays  require  three 
colors  (usually  blue  for  friendly,  red  for  enemy,  and  black  for  control 
measures).  Black  is  also  used  on  a  contrasting  background  to  depict 
letters  and  numbers  on  TOC  charts.  The  colors  presently  used  to  depict 
topographic  symbols  on  the  standard  tactical  map  sheets,  as  discussed  in 
FM  21-31,  are  satisfactory  at  all  TX  levels. 

(6)  The  brigade  and  battalion  TX  users  prefer  situation  displays 
approximately  4-feet  high  by  4-feet  wide.  Division  users  prefer  a  dis¬ 
play  approximately  4-feet  high  by  5-feet  wide.  Chart  or  tabular  status 
displays  are  approximately  3-feet  high  by  3~feet  wide. 

(7)  The  number  of  simultaneous  viewers  of  displays  duritg  normal 
operations  for  the  division,  brigade,  and  battalion  TOC  is  approximately 
four.  For  formal  briefings,  the  number  of  viewers  depends  on  the  echelon 
up  to  10  at  battalion  and  up  to  20  at  brigade  and  division. 

(8)  The  division,  brigade,  and  battalion  TX’s  require  from  one  to 
five  copies  of  most  overlays.  The  reproduction  time  required  for  the 
majority  of  0T0C  overlays  is  approximately  15  minutes.  Survey  respon¬ 
dents  indicate  that  a  hard  copy  reproduction  of  approximately  one-half 
of  the  essential  DTX  overlays  would  be  desirable  for  purposes  of 
reference  and  dissemination. 

b.  The  findings  from  subobjectives  I  and  2  provide  input  to  assist 
in  answering  objective  2  of  FMII6  -  Evaluate  proposed  requirements 
statement  under  operational  conditions  and  recommend  changes  as  approp¬ 
riate.  Objective  2  is  addressed  in  section  II  of  this  chapter.  The 
findings  pertaining  to  subobjective  3  are  contained  in  section  III  of 
this  chapter.  Section  III  addresses  objective  3  of  FMII6  -  Evaluate  the 
suitability  of  candidate  computer  driven  display  technological  approaches 
to  meet  proposed  requirements  criteria.  This  section  assesses,  by 
component,  the  performance  of  each  of  the  three  evaluated  automated 
display  systems  in  meeting  the  recommended  system  technical  requirements 
formulated  in  section  II. 

Section  II  -  Automated  Display  System  Requirements 


2-2.  Introduction. 


a.  This  section  addresses  objective  2  of  FMII6  -  Evaluate  proposed 
requirements  statement  under  operational  conditions  and  recommend  changes 
as  appropriate.  The  display  requirements  that  were  evaluated  are  listed 

in  the  Department  of  the  Army  (DA)  approved  MN  for  70S  dated  November  1972. 
The  two  components  described  by  the  MN  for  TOS  which  relate  to 
the  display  of  tactical  data  are  the  group  display  device  (GDD)  and  the 
analysis  console  (AC). 

b.  Organization  of  the  remaining  sections  of  this  chapter  was 
influenced  by  the  following  factors: 

(1)  Experimentation  with  three  different  display  systems  was  con¬ 
ducted  over  a  period  of  12  months.  The  experimentation  produced  data 
which  answered  questions  in  specific  areas  and  also  brought  to  light 
other  areas  in  which  further  study  and/or  experimentation  is  worthwhile. 

New  automated  display  system  requirements  gradually  evolved  as  a  result 
of  the  experimentation. 

(2)  A  listing  of  specific  system  requirements  is  best  preceded  by 
a  narrative  discussion  which  not  only  outlines  the  requirements  but  also 
provides  the  background,  rationale,  and  philosophy  underlying  the 
requirements. 

(3)  The  TOS  MN  requirements  are  not  listed  in  an  order  that  is 
readily  addressable.  Requirements  pertaining  to  a  specific  area  or 
fund  ion  are  not  grouped  together  but  are  found  randomly  throughout  the 
I isting. 

(4)  Requirements  for  automated  display  systems  are  more  appro¬ 
priately  presented  by  grouping  them  into  user-oriented  functional  catego¬ 
ries.  The  five  categories  addressed  in  this  report  are  viewability  of 
displayed  data;  placement  accuracy  and  display  completeness;  map  back¬ 
grounds;  timeliness  and  ease  of  use;  and  reliability,  availability,  and 
maintainability.  This  organ5 zation  assists  in  the  statement  of  renuire- 
ments  not  listed  in  the  MN  for  TOS  but  identified  as  a  result  of  tne 
exper i mentation . 

c.  This  section  is  organized  into  four  areas: 

(1)  Paragraph  2-3  describes  the  major  display  system  findings 
which  evolved  as  a  result  of  experimentation  djring  FMII6.  It  provides 
an  overall  frame  of  reference  for  the  remaining  parts  of  the  section. 

(2)  Paragraph  2-4  discusses,  in  narrative  form,  the  requirements 
for  an  automated  display  system.  The  requirements  are  grouped  Into  the 
five  functional  categories  mentioned  in  subparagraph  b(4)  above. 
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(3)  Paragraph  2-5  addresses  each  GDD  and  AC  requirement  In  the 
order  that  they  are  listed  in  the  MN  for  TOS. 

(4)  Paragraph  2-6  extracts  from  paragraphs  2-3  and  2-4  and  states, 
for  the  system  and  system  components,  the  specific  technical  require¬ 
ments  for  an  automated  display  system.  The  rationale  for  each  require¬ 
ment  is  also  stated.  These  requirements  are  used  in  section  III  of  this 
chapter  to  assess  system  performance. 

d.  The  reorganization  of  the  requirements  into  the  five  functional 
categories  precludes  addressing  each  subobjective  of  objective  2  directly. 
However,  all  subdbjectives  are  addressed.  Reorganization  into  the  five 
functional  categories  merely  presents  the  requirements  in  a  more  mean¬ 
ingful  and  useful  format. 

e.  Two  assumptions  stated  in  the  detailed  plan  of  test  guided  the 
formulation  of  the  requirements  stated  in  this  chapter: 

(1)  The  echelon  at  which  TOS  will  initially  be  employed  is  the 
division.  The  stated  requirements  are  for  a  display  system  envisioned 
for  use  in  a  division  TOC.  Display  system  requirements  for  higher  or 
lower  echelons,  if  it  is  determined  that  display  systems  are  required  at 
these  echelon^,  will  require  analysis  and  modification  of  the  division 
requirements  to  make  them  applicable  to  these  echelons. 

(2)  The  primary  users  of  TOS  and  the  display  systems  associated 
with  TOS  are  the  commander  and  the  operations  and  intelligence  staffs  in 
a  division  TOC.  The  stated  display  requirements  are  directed  to  these 
primary  users.  However,  it  is  recognized  that  there  are  other  potential 
users  of  display  systems  in  the  division.  If  a  display  system  is  needed 
for  one  or  more  of  these  potential  users,  the  stated  requirements  may 
need  modification  to  fit  the  specific  user. 

f.  The  results  presented  in  the  remainder  of  this  chapter  are 
based  on  knowledge  developed  through  a  number  of  contributing  factors 
which  include  an  18-month  period  of  planning  and  hands-on  experimentation 
with  three  automated  display  systems;  visits  to  vendors  and  other  services 
which  had  display  systems;  attendance  at  conferences,  seminars,  and 
classes  on  display  systems;  analysis  of  manual  display  requirements; 
discussions  of  automated  display  requirements  with  personnel  from  combat 
units  who  operated  the  systems  during  the  experimentation;  and  discussions 
with  special  evaluators  from  agencies  outside  of  MASSTER.  These  agencies 
included  Project  Management  Office,  Army  Tactical  Data  Systems;  Computer 
Systems  Command;  Army  Research  Institute;  Defense  Mapping  Agency;  United 
States  Army  Materiel  Command-E I ecton i cs  Command;  Engineer  Topographic 
Laboratory;  and  Combined  Arms  Combat  Developments  Activity. 


44 


2-3.  Automated  Display  Systems  -  General.  The  subparagraphs  that 
follow  present  general  findings  for  automated  display  systems  envisioned 
for  use  In  Army  Division  TOC's.  Automated  display  systems  must  inte¬ 
grate  hardware,  software,  and  the  user  for  whom  the  software  and  hardware 
are  designed.  It  is  the  user  and  his  mission  accomplishment  which  must 
be  supported.  Findings  which  relate  to  each  of  these  three  interdependent 
system  elements  are  discussed  below: 

a.  Hardware.  The  MN  for  TOS  Identifies  the  GOD  and  the  AC  as  the 
devices  required  for  display  and  manipulation  of  data  In  a  TOC.  The  GDD 
and  the  AC  are  controlled  by  the  TOS  central  computer.  A  brief  descrip¬ 
tion  of  the  role  of  each  device  is  provided  below.  A  discussion  of  the 
experimentation  findings  relating  to  the  hardware  components  of  an 
automated  display  system  follows  the  description. 

(1)  The  GDD  has  a  large  screen  (4  by  4  foot  minimum;  6  by  6  foot 
maximum)  and  is  the  primary  operations  and  planning  display  device.  The 
GDD  portrays  units,  locations,  boundaries,  and  zones  or  areas  on  a 
tactical  map  background.  The  GDD  includes  the  overlay  reproducer  as  a 
subcomponent  to  provide  transparent  overlays  from  displays  on  the  GDD 
suitable  for  use  with  standard  Army  maps. 

(2)  The  AC  provides  the  man-machine  interface  between  the  user  and 
the  *-.ystem  data  base.  It  operates  as  a  graphical  display  similar  to  the 
GDD  and  as  an  alphanumeric  input-output  device.  The  MN  for  TOS  does  not 
specify  a  capability  for  transfer  of  displays  between  the  AC  and  the 
GDD. 


(3)  Experimentation  findings  show  two  basic  hardware  components 
are  required  for  any  automated  display  system  used  in  a  division  TOC. 

The  first  is  a  local  display  processor  which  allows  for  the  receipt, 
storage,  retrieval,  display,  and  manipulation  of  data.  The  processor 
also  controls  the  operation  of  the  hardware  components  of  the  display 
system.  The  functions  that  the  processor  must  perform  dictate  thar  it 
be  separate  from  the  TOS  central  computer  and  that  it  be  dedicated 
solely  to  the  operation  of  the  display  system.  It  is  inefficient  and 
impractical  to  require  the  TOS  central  computer  to  do  the  display  data 
processing  as  well  as  control  all  the  devices  of  the  system.  The 
problem  is  compounded  when  a  number  of  display  systems  are  linked  to 
TOS,  thus  multiplying  the  total  number  of  devices  to  be  controlled.  The 
separate  display  processor  is  not  only  more  user  responsive,  but  it  also 
acts  as  the  single  point  of  contact  for  interaction  between  TOS  and  the 
display  system.  The  display  processor  also  facilitates  "stand-alone" 
operation  of  the  system  and  provides  a  built-in  continuity  of  operations 
(CONOPS)  benefit. 

(4)  The  second  basic  hardware  component  of  an  automated  display 
system  is  the  interactive  graphic  display  console.  This  component  is 


the  primary  user  device  for  the  display  of,  and  interact l on -with,  com¬ 
puter  stored  data.  The  console  features  which  make  this  possible  are  a 
display  surface  dedicated  to  the  presentation  of  displays  for  a  specific 
user;  the  controls,  such  as  a  keyboard,  joystick,  and  light  pen  with 
which  the  user  can  recall,  create,  modify,  or  delete  displays;  and  a 
positive  visual  feedback  on  the  display  surface  which  allows  the  user  to 
monitor  display  manipulation. 

(5)  An  automated  display  system  from  a  hardware  point  of  view  con¬ 
tains  basic  components  (a  display  processor  and  one  or  more  Interactive 
graphic  display  consoles)  and  other  hardware  components  (peripheral 
devices)  as  required  to  meet  particular  user  needs.  Figure  2-2  shows 
how  hardware  components  could  be  configured  for  a  display  system  support¬ 
ing  one  user,  the  division  G3.  To  support  an  additional  user  such  as 
the  G2,  the  figure  would  also  show  dedicated  Interactive  graphic  display 
consoles  for  the  G2.  Other  peripheral  devices  that  the  G2  requires 
would  be  added  if  sharing  the  use  of  a  peripheral  device  (such  as  the 
printer  for  the  receipt  of  messages  or  the  map  overlay  Input  device  for 
inputting  overlays  to  the  system)  Is  unsatisfactory. 
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(6)  In  figure  2-2  the  interactive  graphic  display  consoles  are 
the  primary  display  devices.  The  group  display  output  device  (large 
screen)  is  shown  as  a  peripheral  output  device  to  be  included  in  the 
configuration  only  when  anticipated  usage  justifies  its  inclusion. 
Control  of  displays  on  the  large  screen  is  accomplished  through  an 
interactive  graphic  display  console.  Displays  to  be  viewed  on  the  large 
screen  are  first  composed  on  the  interactive  graphic  display  console, 
then  transferred  to  the  large  screen.  This  role  of  the  group  display 
output  device  was  determined  from  data  provided  by  users  and  special 
evaluators  throughout  the  experimentation  period  and  was  initially 
identified  from  two  observations  during  the  CPX  portion  of  the  exper¬ 
imentation. 


(a)  During  the  CPX,  the  primary  use  of  the  targe  screen  on  both 
the  scribe  and  CRT  systems  was  for  briefings.  Although  situation  dis¬ 
plays  were  portrayed  on  the  large  screens  when  they  were  not  being  used 
for  briefings,  the  analysis  console  (editing  console  in  the  scribe 
system)  was  where  the  attention  of  key  players  was  focused,  where  dis¬ 
plays  were  manipulated,  and  where  player  reception  of,  and  reaction  to, 
incoming  data  occurred. 

(b)  The  G2  and  G3  sections  formed  a  player  group  and  used  one 
system,  while  another  player  group  (the  BICC)  used  the  other  system. 
Since  each  system  had  only  one  usable  console  (the  scribe  system  had  a 
second  console  but  its  use  interfered  with  the  first)  and  one  large 
fcreer.,  the  G2  and  G3  players  were  forced  to  share  these  devices.  The 
majority  of  player  comments  indicated  that  the  console  display,  although 
smaller,  was  satisfactory  and  was  preferred  over  the  large  screen  dis¬ 
play  mainly  because  the  player  could  "do"  more  at  the  console  because  it 
was  interactive.  The  comments  also  overwhelmingly  favored  separate, 
dedicated  consoles  for  the  G2  and  G3. 


(7)  The  group  display  output  device  was  not  found  to  be  an  essen¬ 
tial  part  of  division  level  tactical  display  systems.  However,  experi¬ 
mentation  findings  do  not  nullify  it  as  a  potentially  useful  component 
of  an  automated  display  system.  When  current  displays  on  a  console  need 
to  be  viewed  by  a  large  number  of  people  during  the  course  of  a  briefing, 
a  device  which  provides  for  rapid  display  transfer  and  has  a  screen 
larger  than  that  available  on  the  console  may  be  justified.  When  the 
device  is  not  being  used  for  briefings,  it  can  be  used  to  display  the 
current  situation  for  the  benefit  of  all  TOC  personnel  and  visitors  from 
other  headquarters. 

(6)  The  requirement  for  a  group  display  output  device  for  a  dis¬ 
play  system  should  be  based  on  a  cost-benefit  analysis.  The  expected 
advantages  must  be  considered  against  the  additional  volume,  weight,  and 
complexity  imposed  on  the  system.  In  each  of  the  three  systems  eval¬ 
uated,  the  large  screen  display  components  constituted  a  major  part  of 
the  system’s  total  volume  and  weight.  Since  the  display  system  is 
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expected  to  be  housed  in  a  vehicular-mounted  shelter,  volume  and  weight 
considerations  will  Impact  upon  the  number  of  shelters  required  and  the 
overal I  system  mob  1 1 ity. 

(9)  The  experimentation  findings  relating  to  the  roles  of  the 
interactive  graphic  display  console  and  the  group  display  output  device 
indicate  a  shift  in  emphasis  from  visualizing  the  large  screen  as  the 
central,  dominant  component  of  an  automated  display  system  to  stressing 
that  the  processor  and  the  interactive  console  form  the  heart  of  the 
display  system. 

b.  Software.  The  key  to  user  acceptance  of  an  automated  display 
system  Is  proper  definition  of  user  requirements.  Meeting  the  require¬ 
ments  Is  heavily  software  dependent.  Suitable  hardware  is  available  or 
can  be  developed,  but  what  the  hardware  Is  able  to  do  for  the  user  is 
largely  a  function  of  the  software  (i.e.,  the  routines  that  perform  the 
display  functions  which  aid  the  user  in  accomplishing  hls  mission). 

(1)  After  user  requirements  have  been  defined,  software  should 
receive  first  priority  In  the  development  of  an  automated  display 
system.  This  does  not  mean  that  initial  emphasis  is  to  be  placed  on 
developing  detailed  logic  flow  diagrams.  Rather,  detailed  answers 
should  be  obtained  for  the  question:  "What  procedures  should  be  de¬ 
signed  to  permit  the  user  to  meet  his  requirements  with  maximum  ease?". 
The  answers  should  define  the  software  required.  The  software  will 
provide  vital  guidance  concerning  hardware  type  and  configuration. 

(2)  This  approach  defines  the  user's  needs  and  identifies  the 
software  required  to  meet  these  needs  before  the  hardware  is  procured. 
The  logic  c*  this  approach  is  better  than  the  common  practice  of  buying 
the  hardware  and  then  designing  software  to  fit  the  hardware.  Addi¬ 
tionally,  software  comprises  the  bulk  of  system  development  cost,  and 
therefore,  should  receive  priority. 

c.  User.  The  Individual  who  will  actually  use  the  equipment  in 
the  field  is  the  most  important  element  in  successful  design  of  an  auto¬ 
mated  system.  The  question  asked  in  subparagraph  b ( I )  above  can  best 

be  answered  by  this  individual.  His  comments  must  be  actively  solicited 
by  the  hardware  and  software  designers  in  all  stages  of  system  develop¬ 
ment.  Violation  of  this  principle  could  result  in  the  fielding  of  a 
system  which  may  be  rejected  in  favor  of  the  current  manual  operation 
because  It  does  not  do  what  is  wanted,  is  too  complicated  to  operate,  or 
is  simply  too  cumbersome. 

(I)  An  automated  display  system  must  satisfy  different  users  in  a 
TOC.  The  division  G2  and  G3  are  considered  separate  users  since  they 
have  different  information  requirements.  For  example,  the  G3  may  be 
concerned  with  monitoring  the  maneuver  of  friendly  units  of  battalion 
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size  and  larger  with  in  the  division  area  of  operations.  The  G2  may  be 
interested  in  an  area  different  from  that  of  the  G3  and  may  require  the 
display  of  particular  enemy  units  and  weapons  located  in  his  area  of 
inlerest.  User  requirements  will  dictate  the  hardware  configuration  of 
an  automated  display  system. 

(2)  Automated  display  systems  have  the  potential  for  easing  the 
user’s  transition  from  manual  to  automated  operations,  because  they 
present  displays  much  like  the  user  now  employs.  The  display  of  data  by 
an  automated  display  system  is  preferable  from  a  user  standpoint  to 
receiving  the  same  data  as  computer  printed  copy  for  subsequent  map 
posting. 

(3)  The  following  quote  from  Pars  low,  Prowse,  and  Green*  is  an 
excellent  discussion  of  the  role  of  an  automated  display  system  and 
particularly  the  interactive  graphic  display  console.  The  application 
characteristics  cited  at  the  end  of  the  quote  are  zxac.tZ.ij  those  for  an 
automated  display  system  in  a  tactical  operations  center! 

"Graphic  data  processing  provides  a  common  language 
of  graphics  and  alphanumerics  between  the  man  and  the 
computer.  A  man  normally  thinKS  in  terms  of  sketches, 
drawings,  graphs,  letters,  characters,  and  numbers.  A 
computer  operates  in  terms  of  bits,  bytes,  and  registers. 

This  makes  it  difficult  for  the  man  to  communicate  with 
the  computer.  In  the  past,  the  burden  has  been  on  the 
man;  namely,  he  has  had  to  convert  all  of  his  ideas  and 
thoughts  to  letters,  numbers,  and  a  few  special  charac¬ 
ters.  The  computer,  in  turn,  conversed  back  with  the  man 
in  the  same  medium.  With  the  advent  of  graphic  data 
processing,  the  man  can  work  in  the  medium  he  understands 
best;  the  computer  can  continue  to  work  in  the  medium  it 
understands  best,  with  the  graphic,  display  console  acting 
as  an  interpreter  between  the  two.  This  new  dimension  in 
man/machine  communication  has  proved  to  be  of  value  in 
applications  where:  Graphic  representat ion  is  of  assist¬ 
ance  in  the  performance  of  the  application,  or  Rapid 
turn-around  time  is  required,  or  Human  imagination, 
judgement,  or  experience  is  required  in  the  solution  of 
the  problem." 

2-4.  Narrative  Discussion:  Automated  Display  System  Requirements. 


a .  Genera  I . 


(I)  This  paragraph  discusses  requi 
ponents  of  an  automated  display  system. 


rements  for 
The  intent 


the  different  com- 
?s  to  state  the 


^ CompatzA  Gfiapkl CA,  R.  D,  Parslow,  R.  W.  Prowse,  R.  Elliot  Green, 
Plenum  Press,  1 969. 
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!  requirement  as  the  end  result  that  should  be  provided  to  the  user  by  the 

system.  Therefore,  the  requirements  are  discussed  from  the  user  view- 
I  point  and  are  display  technique  Independent. 

j  (2)  The  requirements,  as  discussed,  are  not  system  specifications. 

!  Rather,  they  represent  user  specified  QuiidoJUneM  for  those  display 

J  functions  that  an  asromated  display  system  should  perform.  They  should 

be  used  as  the  basis  for  definition  of  system  specifications. 

(3)  The  requirements  are  grouped  into  five  functional  categories: 
Viewability  of  displayed  data;  placement  accuracy  and  display  complete¬ 
ness;  map  backgrounds;  timeliness  and  ease  of  use;  and  reliability, 

I  availability,  and  maintainability, 

j 

1  (4)  Requirements  are  stated  for  an  alphanumeric  display  console, 

j  It  should  be  noted  that  none  of  the  three  evaluated  systems  contained 

j  this  device.  The  necessity  for  the  device  arose  from  the  observation 

that  a  substantial  amount  of  strictly  alphanumeric  data  is  routinely 
!  input,  displayed,  or  transmitted  by  users  of  an  automated  display 

I  system.  The  input  of  data  into  the  system's  data  base  becomes  particu- 

!  I arly  critical  if  the  system  operates  in  a  "stand-alone"  mode  away  from 

j  TOS  and  data  must  be  Input  by  the  display  system  user.  Although  the 

j  interactive  graphic  console  has  the  capability,  its  use  to  routinely 

\  input,  display,  or  transmit  alphanumeric  data  would  seriously  detract 

j  from  its  primary  function  of  presenting  graphical  situation  displays. 

I  While  using  the  interactive  graphic  display  console  to  input,  display, 

or  transmit  alphanumeric  data,  the  user  is  unable  to  view  and  interact 
with  graphical  situation  data  on  the  console.  Thus,  the  full  capabilities 
i  of  the  interactive  console  are  not  exercised.  During  the  CPX,  a  DEVTOS 

\  f  alphanumeric  display  console  called  the  message  input  and  output  device 

!  (MIOD)  was  used  by  the  automated  display  system  users  to  query  the 

DEVTOS  data  base. 

b.  Viewability  of  displayed  data.  A  primary  requirement  for  any 
display  is  that  it  be  viewable.  Viewability  Is  defined  as  the  legibility 
of  individual  symbols  and  the  overall  comprehensibility  of  a  tactical 
display.  Displays  must  be  both  legible  and  comprehensible  to  be  of 
value.  The  viewability  requirements  for  the  devices  of  an  automated 
display  system  are  listed  below: 

(I)  Interactive  graphic  display  console  (individual  display). 

(a)  The  symbols  required  to  be  displayed  on  the  console  are  the 
64-character  American  Standard  Code  for  Information  Interchange  (ASCII, 
set;  selected  FM  21-30  symbols;  symbology  added  to  the  symbol  generator 
by  the  user;  circles;  ellipses;  and  freehand  graphics.  The  symbols 
which  are  recommended  to  be  a  part  of  the  permanent  symbol  generator  are 
;  listed  in  subparagraph  e  below.  Many  of  the  symbols  in  FM  21-30  are  not 

j  used  frequently  enough  to  justify  character  generation  on  a  full-time 

basis.  The  additional  hardware  and  software  that  would  be  required  for 
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full-time  character  generation  of  all  symbols  in  FM  21-30  is  prohibitive. 
Howeve,',  the  system  must  allow  the  user  to  easily  add  a  number  of  addi¬ 
tional  symbols  to  the  character  generator  on  an  "as-required"  basis. 

This  requirement  is  discussed  in  subparagraph  e  below.  The  freehand 
graphic  symbols  found  in  FM  21-30  such  as  the  symbols  for  objectives  and 
axes  of  advance  will  require  approximation  by  variable  length  line 
segments,  since  they  do  not  lend  themselves  to  character  generation 
because  of  their  variable  size,  shape,  and  direction. 

(b)  A  minimum  of  three  colors  is  required.  Three  colors  allow 
distinction  of  friendly,  enemy,  and  control  measure  symbols.  Distinc¬ 
tion  of  friendly  symbols  from  enemy  symbols  is  possible  on  a  one  color 
display  by  means  of  shape  cooing.  However,  the  enhanced  ability  of  the 
user  to  readily  distinguish  between  color  coded  enemy  and  friendly 
symbols  at  a  glance  is  required  to  preclude  delay  in  their  discrimin¬ 
ation.  Use  of  a  third  color  to  depict  control  measures  further  enhances 
the  user’s  ability  to  distinguish  between  the  three  types  of  informa¬ 
tion.  Four  to  six  colors  are  desirable.  The  extra  colors  allow  the 
highlighting  of  selected  symbols  or  the  color  coding  of  particular 
categories  of  information.  The  main  factor  to  consider  in  selecting 
colors  is  tneir  legibility.  Red  and  blue  are  fraditional  but  not  abso¬ 
lutely  necessary.  Symbol  color  selection  must  be  based  upon  obtaining  a 
high  degree  of  contrast  in  relation  to  the  colors  used  for  fhe  map 
backgrounds.  A  discussion  of  map  background  colors  can  be  found  in 
subparagraph  d  below. 

(c)  The  symbology  should  be  fully  legible  to  the  operator  under 
normal  office  lighting  (70  foot-candles  at  desk  top  level).  This 
reduces  the  eyestrain  and  fatigue  of  individuals  working  in  the  immedi¬ 
ate  area.  Fuli  legibility  of  the  symbology  with  des*  lamps  at  each  work 
space  and  no  overhead  iights  is  marginally  acceptable.  Full  legibility 
is  defined  as  easy  identification  by  the  console  operator  of  any  symbol 
contained  in  a  tactical  si+uatior  disp’ay. 

(d)  The  console  must  be  designed  with  one  optimum  symbol  size  in 
mind.  However,  symbol  size  should  be  under  user  control.  The  operator 
should  be  able  To  increase  or  decrease-  (within  limits)  the  size  of  the 
symbols.  Whenever  a  change  in  size  is  made,  all  symbols  in  the  display 
change.  It  is  desired  +ha+  the  size  selection  be  continuous  but  discrete 
sizes  are  acceptable  as  long  as  a  number  of  sizes  are  provided.  The 
selection  of  an  optimum  symbol  size  should  be  based  upon  obtaining 
symbols  that  are  felly  legible  to  the  console  operator  under  the  required 
lighting  conditions.  However,  the  symbols  must  be  small  enough  to 
present  a  tactical  situation  display  that  is  not  unduly  cluttered,  this 
hinges,  in  part,  on  the  size  of  the  console  screen.  The  screen  must  he 
large  enough  to  depict  a  tactical  situation,  but  it  must  not  be  so  large 
that  it  causes  the  operator  undue  eye  and  head  movement.  The  greatest 
number  of  military  unit  symbols  required  to  be  displayed  at  one  time  on 

a  division  tactical  displav  is  estimated  as  75,  fhe  average  number  i*1 
estimated  as  40. 
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(e)  Operator  eye  and  head  movement  are  influenced  by  two  factors: 
screen  size  and  the  distance  of  the  operator  from  the  screen.  It  is 
assumed  that  the  screen  will  be  located  within  arm’s  reach  of  the  oper¬ 
ator.  This  seems  a  reasonable  assumption  based  on  the  fact  that  most 
individual  display  console  screens  in  existence,  regardless  of  applica¬ 
tion,  are  located  less  than  an  arm’s  length  from  the  operator. 

(f)  The  displayed  symbology  must  have  no  discernible  flicker.  The 
console  operator  must  be  able  to  control  the  brightness  of  the  dynamic 
symbology  and  the  brightness  of  the  background.  Overall  brightness 
control  allows  adjustment  to  suit  the  ambient  light  environment.  The 
brightness  of  each  dynamic  symboi  color  and  of  each  map  feature  color 
should  also  be  under  user  control.  This  allows  the  operator  to  subdue 
categories  of  information  which  at  a  particular  momen+  are  not  of  signif¬ 
icant  interest  or  which  detract  from  other  information. 

(g)  Fully  automatic  deciutter  (offset),  upon  initial  display,  of 
any  symbol  for  a  military  unit,  spot  report,  sensor  location,  etc.,  is 
required.  Control  measures  are  not  declutterable.  Declutter  lines  must 
be  directly  attached  to  the  dec  I  uttered  symbol.  Newly  entered  symbols 
should  be  displayed  so  that  they  do  not  overlap  existing  symbols,  but 
they  should  be  displayed  as  close  to  their  true  p  sifion  as  possible. 
Symbols  already  in  the  display  should  not  be  readjusted,  since  the  oper¬ 
ator's  perspective  could  be  affected.  The  operator  must  have  the  abil¬ 
ity,  however,  to  declutter  symbols  manually.  He  should  also  have  the 
abiii+y  to  cause  a  complete,  automatic  re-drsclutter  of  the  display  when 
desired.  This  re-dec! utter  relocates  all  symbols  based  upon  the  cri¬ 
teria  of  the  snortest  possible  declutter  lines  and  no  syrbol  overlap. 

Each  symbol  should  be  considered  equally  in  the  re-declutter.  Priority 
of  entry  should  have  no  effect. 

(h;  Before  automatically  dec  I  uttering  a  newly  input  military  unit 
headquarters  symbol,  the  system  must  determine  if  the  new  symbol  is  co¬ 
located  with  another  military  unit  headquarters  in  the  display.  If  so, 
the  new  symbol  and  the  co-!ocated  symbol (s)  must  be  "stacked”  (they 
should  be  Diaced  on  one  s+aff).  The  stack  should  he  automatically 
declultered  if  necessary. 

(2)  Group  display  output  device. 

(a)  Tne  symbols  required  to  be  displayed  on  the  group  display  aro 
■the  same  as  those  for  the  insole:  the  64-character  ASCII  set;  selected 
FM  21 -30  symbols;  symboloc,  ■'ded  to  the  symbol  qenerator  by  the  user: 
c i n  I ec ;  ellipses;  and  freehand  graphics.  The  symboi  style  and  propor¬ 
tion  n’>st  match  i.rse  used  on  the  console.  This  is  to  prevent  identical 
displays  or.  the  .'w  'ey  ices  from  appearing  different  when,  in  fact,  they 
n*-e  not.  All  displays  on  the  console  should  be  dispiayable  on  the 


group  display.  The  group  display  scene  must  appear  To  be  an  enlargement 
of  the  console  display  scene.  However,  this  does  not  mean  that  the 
group  display  must  always  show  the  same  display  scene  as  the  console. 

The  group  display  must  be  able  to  show  display  scenes  independent  of 
those  shown  concurrently  on  the  consoles. 

(b)  The  color  requirement  for  the  group  display  is  identical  to 
that  for  the  console.  However,  technological  limitations  which  prevent 
the  obtainment  of  an  equal  number  of  colors  on  both  devices  should  nof 
limit  the  number  used  on  the  unaffected  device.  For  example,  cost  and 
other  considerations  may  cause  three  or  more  colors  on  the  group  display 
to  be  impractical,  but  a  four-color  display  on  the  console  may  be  no 
more  costly  than  a  two-color  display.  In  this  case,  the  console-  display 
should  not  be  limited  to  two  colors.  However,  both  devices  should  use 
the  same  colors  to  depict  enemy  symbols  and  friendly  symbols. 

(c)  The  group  display  should  be  fui ly  legible  under  normal  office 
lighting  (70  foot-candles  at  desk  top  level).  This  requirement  could  be 
relaxed  to  as  low  as  30  foot-candies  since  the  group  display  is  primarily 
used  for  briefings.  Thirty  foot-candles  is  the  amount  of  light  required 
for  note  taking.  Full  legibility  is  defined  as  easy  identification  by 
any  viewer  in  an  audience  of  20  people  of  every  symbol  in  a  tactical 
situation  display. 

(d)  Like  the  console,  the  group  display  must  be  designed  with  one 
optimum  symbol  size  in  mind,  and  this  size  should  be  variable  by  the 
operator.  The  selected  size  should  be  independent  of  the  size  selected 
on  the  console.  However,  when  a  display  is  initially  transferred  to  +he 
group  display,  the  operator  should  have  the  option  of  allowing  it  to 
appear  in  a  size  proportioned  to  the  size  selected  on  the  console.  The 
optimum  symbol  size  should  be  small  enough  to  present  a  tactical  sit¬ 
uation  display  that  is  not  unduly  cluttered.  Symbol  clutter  is  dependent 
upon  symbol  size,  number  of  symbols,  ana  screen  size.  The  group  display 
must  be  large  enough  to  comprehensively  present  a  tactical  situation 
display  to  an  audience  of  at  least  20  people. 

(e)  The  displayed  symbology  must  have  no  discernible  flicker.  The 
brightness  of  each  dynamic  symbol  color  and  of  each  map  feature  color 
should  be  under  user  control.  This  allows  the  operator  to  subdue  cate¬ 
gories  of  information  which  at  a  particular  moment  are  not  of  signif¬ 
icance  or  which  detract  from  other  information,  it  also  allows  the 
operator  to  adjust  for  the  ambient  lighf  environment.  The  user  must,  a-., 
a  minimum,  be  able  to  vary  the  overall  brightness  of  the  dynamic  symbol¬ 
ogy  and  the  overall  brightness  of  the  map  background. 

(f)  Symbol  declutter  should  pose  no  problem  tor  the  group  display, 
since  all  displays  shown  on  this  device  are  first  edited  on  the  console. 


(3)  Map  overlay  output  device. 

(a)  The  symbols  required  for  output  on  this  device  are  the  same  as 
for  the  console:  the  64-character  ASCII  set;  selected  FM  21-30  symbols; 
symbology  added  to  the  symbol  generator  by  the  user;  circles;  el  I  loses; 
and  freehand  graphics.  The  symbol  style  and  proportion  must  match  those 
used  on  the  console.  This  is  to  prevent  an  overlay  from  appearing 
different  from  the  console  display  when,  in  fact,  it  is  not.  Ail  dis¬ 
play  scenes  on  the  console  should  be  reproducible  in  multiple  copy  on 
the  hard  copier. 

(b)  The  three  color  requirement  for  the  console  is  desired  on  the 
map  overlay  output  device. 

(c)  The  overlay  must  be  capable  of  being  output  on  transparent 
material.  This  allows  placement  of  the  resulting  overlay  on  a  standard 
military  topographic  paper  map  whore  it  will  normally  be  used.  The 
contrast  of  the  symbols  against  the  standard  military  topographic  paper 
map  is  an  important  consideration.  This  requirement  is  not  intended  to 
exclude  output  on  other  material  such  as  paper. 

(d)  The  symbology  when  shown  against  a  standard  military  topo¬ 
graphic  paper  map  must  be  fully  legible  in  as  little  as  30  foot -candles 
of  ambient  light,  since  low  ambient  light  levels  may  exist  where  Ihe 
overlays  will  be  used. 

(e)  Only  one  symbol  size  is  required.  The  size  should  be  selected 
so  that  the  symbols  are  fully  legible  to  the  Individuals  working  with  a 
map  board  under  30  foot-candles  of  light.  However,  the  symbols  must  be 
small  enough  to  present  a  tactical  situation  display  that  is  not  unduly 
cluttered.  The  map  area  of  coverage  must  be  identical  to  that  of  the 
console.  However,  the  physical  size  of  the  output  will  correspond  or.  a 

I  to  I  ratio  with  the  standard  military  topographic  paper  map  U.e.,  a 
50-kilometer  square  area  of  coverage  on  an  output  scale  of  1:50,000  will 
measure  I  meter  by  I  meter  on  the  map  overlay  output).  This  allows  a 
standard  topographic  paper  map  to  be  used  as  a  background. 

(4)  Printer. 

(a)  The  characters  in  The  64-character  ASCII  set  are  the  only 
symbols  required  for  output  by  the  printer. 

(b)  The  size,  style,  and  proportion  of  the  characters  must  be 
fully  legible  to  the  user  when  they  are  viewed  as  lines  of  print  in  as 
little  as  30  foot-candles  of  ambient  light. 

(5)  Alphanumeric  display  console. 
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(a)  The  symbols  required  to  be  displayed  on  the  console  are  the 
64-character  ASCil  set.  Message  formats  and  tabular  chart  outlines, 
either  completed  or  to  be  completed,  will  also  be  displayed. 

(b)  Two  colors  are  desirable.  The  second  color  allots  message 
format  and  tabjiar  chart  outlines  to  be  readily  distinguished  from  the 
dynamic  data. 

(c)  Screen  size  is  affected  by  the  distance  of  the  operator  from 
the  screen,  character  size,  and  number  of  characters  to  be  displayed. 

The  operator  will  be  within  arm’s  reach  of  the  screen.  The  screen  size 
should  be  designed  to  display  approximately  1,500  characters.  This  is 
the  number  of  characters  specified  for  the  MIOD  in  the  TOS  MN  document. 
Only  one  character  size  Is  required. 

(d)  Displays  on  the  console  must  be  fully  legible  under  normal 
office  lighting  (70  foot -candles  at  desk  top  level).  This  reduces  the 
eyestrain  and  fatigue  of  individuals  working  in  the  immediate  area  and 

is  well  within  the  capability  of  available  alphanumeric  display  consoles. 
Full  legibility  is  defined  as  easy  identification  by  the  console  oper¬ 
ator  of  any  symbol  in  the  display.  The  operator  must  be  able  to  adjust 
the  brightness  of  the  display  to  suit  the  ambient  light  environment  by 
means  of  a  brightness  control  located  on  the  console. 

c.  Placement  accuracy  and  display  completeness. 

(1)  When  a  user  views  a  displayed  tactical  situation,  the  data 
items  defining  the  tactical  situation  must  be  accurately  positioned 
against  the  appropriate  map  background.  In  addition,  the  display  must 
be  complete  (i.e.,  all  data  items  which  belong  in  the  area  of  coverage, 
if  they  are  contained  in  an  information  category  selected  for  display, 
must  be  present  on  the  display). 

(2)  Placement  accuracy  Is  defined  as  the  ability  of  the  system  to 
position  a  data  item  at  a  specified  location  on  a  map  background. 

Current  manual  procedures  for  plotting  symbols  against  the  1:50,000 
scale  standard  military  map  have  an  inherent  plotting  accuracy.  The 
average  individual  updating  a  map  in  the  TOC  will,  with  few  exceptions, 
position  a  given  symbol  within  100  meters  of  its  specified  map  location. 
Most  display  users  in  the  operations  and  intelligence  sections  of  the 
TOC  are  concerned  with  the  effect  that  symbol  placement  accuracy  has  on 
the  evaluation  of  the  positional  relationships  of  the  displayed  symbols. 
While  somr  users  may  require  greater  accuracy,  the  Inherent  accuracy  of 
manual  map  posting  is  acceptable  to  most  users  In  the  TOC. 
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(3)  Data  items  superimposed  against  a  map  background  on  the  inter¬ 
active  graphic  display  console  and  on  the  group  display  must  appear  to 
be  no  more  than  100  meters  from  the  specified  map  location.  This 
100-meter  limit  applies  for  any  method  of  data  item  location:  keyboard 
coordinate  entry,  coordinates  transmitted  from  an  outside  ADP  source, 
points  transmitted  from  the  map  overlay  Input  device,  or  direct  entry  by 
pointing  to  the  location  on  the  console.  The  100-meter  limit  also 
applies  regardless  of  the  size  of  the  area  of  coverage  being  viewed. 

For  example,  if  a  data  item  is  perceived  to  be  within  100  meters  of  its 
specified  map  location  on  a  50-kilometer  by  50-kllometer  area,  it 
should  appear  to  remain  within  100  meters  when  a  10-kilometer  by 
10-kilometer  blowup  of  the  data  item's  location  is  displayed  and  vice 
versa. 


(4)  The  accuracy  requirements  discussed  in  (2)  and  (3)  above  refer 
to  what  is  expected  when  the  system  dUp£a.y&  dynamic  symbology  against  a 
map  background.  A  separate  requirement  is  the  accuracy  returned  when 
the  system  is  queried  as  to  the  Universal  Transverse  Mercator  (UTM) 
coordinates  of  a  displayed  data  Hem.  The  system  accuracy  for  all  data 
item  locations  entered  as  specific  UTM  coordinates  (i.e.,  keyboard  entry 
and  coordinates  from  an  outside  ADP  source)  must  be  exact.  If  a  data 
item  location  is  entered  as  a  4-.  6-,  or  8-dlgit  coordinate,  the  system, 
when  queried,  must  return  the  coordinate  exactly  as  entered.  The  coor¬ 
dinate  provided  in  reply  to  a  query  for  data  items  entered  by  pointing 
and  for  locations  entered  through  the  map  overlay  input  device  must  be 
no  more  than  100  meters  from  the  apparent  map  location  of  the  data  item. 


(5)  Data  item  placement  accuracy  requirements  also  affect  the  map 
overlay  input  device  and  the  map  overlay  output  device.  The  map  back¬ 
ground  used  on  the  map  overlay  input  device  must  be  registered  in  such  a 
manner  that  a  data  Item  entered  as  a  series  of  points  from  either  the 
overlay  or  the  map  will,  if  displayed  on  the  console  or  group  display, 
have  the  points  displayed  no  more  than  100  meters  from  the  points  en- 
i ereri  through  the  device.  The  overlays  produced  by  the  map  overlay 
output  device  will  be  used  in  conjunction  with  standard  military  topo¬ 
graphic  maps.  When  the  overlay  is  placed  over  these  maps,  the  data 
items  must  be  no  more  than  100  meters  from  the  symbol  locations  used  to 
input  the  overlay  to  the  system. 


(6)  Display  completeness  is  defined  as  the  display  of  edit  data 
items  in  the  currently  selected  information  categories  which  have 
coordinate  locations  within  the  selected  map  background  area  of  cover¬ 
age. 


(7)  Data  items  are  located  either  with  single  points  <e.g,,  a 
military  unit  or  a  coordinating  point)  or  with  multiple  points  (e.g.,  a 
unit  boundary  or  a  trench  line).  Data  Items  located  with  single  points 
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must  be  completely  displayed  If  the  point  Is  Inside  the  selected  area  of 
coverage.  This  may  require  the  automatic  dec  I  uttering  of  the  data  Item 
to  ensure  that  the  entire  item  appears  In  the  area  of  coverage  such  as 
when  a  military  unit  location  Is  at  the  top  edge  of  the  background. 

(8)  If  any  part  of  a  multiple-no*''+  data  item  is  in  the  selected 
area  of  coverage,,  that  part  wtthtn  the  area  of  coverage  must  be  dis¬ 
played.  The  part  to  be  displayed  must  Include  all  points  of  the  data 
item  up  to  and  including  those  at  the  Intersection  of  the  item  with  an 
edge  (or  edges)  of  the  map  background. 

(9)  Incoming  messages  from  outside  ADP  sources  Ce.g.,  TOS)  will 
affect  Individual  military  symbol  completeness  when  the  message  defines 
a  military  unit  whose  branch  duty  symbol  Is  not  In  the  system’s  perma¬ 
nent  branch  symbol  library.  To  ensure  that  the  data  item  is  complete, 
the  system  must  display  at  least  the  first  four  alphanumeric  characters 
of  the  branch  duty  designation  (from  the  Incoming  message)  inside  the 
rectangle  where  the  branch  duty  symbol  normally  appears.  The  user  may 
then  replace  the  alphanumeric  characters  with  a  previously  created 
symbol  or  with  a  symbol  which  he  creates. 

d.  Map  backgrounds. 

( I )  Genera  I . 

(a)  A  map  background  is  an  essential  part  of  any  tactical  situa¬ 
tion  display.  The  display  of  the  situation  is  relatively  useless  unless 
the  symbology  is  superimposed  upon  a  map  background,  thereby  orienting 
the  symbology  to  the  terrain.  The  majority  of  symbols  on  a  display  are 
input  as  single  map  locations  or  as  a  series  of  map  locations,  normally 
UTM  grid  coordinates  (e.g.,  "HQ,  53d  Mech  Division  is  at  PL  235692"; 

"the  left  boundary  of  the  ist  Brigade  extends  from  XT  127608  to  XT  119672."). 
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(b)  Map  backgrounds  have  three  general  uses  in  a  TOC: 

I  Comprehension  of  the  overall  situation.  For  this  purpose,  the 
user  Ts  located  at  a  distance  far  enough  from  the  display  to  view  the 
entire  area  of  coverage  without  excessive  eye  and  head  movement.  He  is 
not  interested  in  being  able  to  read  all  detail  on  the  standard  military 
topographic  map  but  uses  the  map  to  provide  general  orientation  for  the 
superimposed  symbology.  Orientation  is  accomplished  by  relating  the 
symbology  to  significant  map  features  such  as  roads  and  highways,  towns, 
hill  masses,  rivers,  and  perhaps  major  grid  lines.  The  1:50,000  scaie 
standard  military  topographic  map  normally  used  In  TOC’s  Is  not  Ideally 
suited  for  this  use,  because  of  the  large  amount  of  detail  on  it.  A 
cu..~^n  solution  is  the  annotaring  and/or  highlighting  of  the  significant 
map  Features  with  grease  pencils  or  colored  ink  pens  to  provide  easy 
legibility  at  a  distance. 
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2  More  detailed  Inspection  of  the  terrain  at  or  In  the  vicinity  of 
a  superimposed  symbol  or  symbols.  In  this  case  the  user  Is  Interested 
in  a  more  exact  relationship  of  the  symbols  to  the  terrain.  He  is  for 
the  moment  not  Interested  in  the  entire  area  of  coverage  but  moves 
closer  to  the  map  and  ’’zooms  In"  on  the  small  portion  of  the  overall 
area  where  the  symbols  of  interest  are  displayed.  He  moves  as  close  as 
Is  necessary  to  view  the  amount  of  map  detail  he  requires,  which  may 
well  be  a  1 1  map  detail . 

3  Terrain  analysis  without  superimposed  symbology.  For  example, 
when  selecting  the  best  terrain  upon  which  to  establish  a  defense  or 
when  planning  a  route  of  movement,  the  user  wants  to  view  the  map  back¬ 
ground  with  no  superimposed  dynamic  symbology.  Depending  upon  the 
user’s  mission,  he  may  require  varying  degrees  of  map  detail.  In  one 
instance,  the  primary  and  secondary  road  network  may  be  all  that  he 
needs  to  plan  a  route  of  movement,  in  another  Instance,  he  may  also 
want  to  study  the  contour  lines  to  obtain  a  detailed  mental  picture  of 
the  shape  of  the  terrain.  This  use  of  a  map  is  prevalent  in  the  plan¬ 
ning  functions  of  a  TOC. 

(c)  Each  of  the  three  general  uses  of  background  maps  described 
above  has  Its  own  peculiar  requirements  for  area  of  map  coverage  and 
level  of  terrain  detail.  Not  only  do  these  requirements  differ  from 
echelon  to  echelon,  but  they  also  vary  among  users  at  each  echelon.  For 
example,  the  division  G3  monitoring  the  friendly  situation  may  require 

a  background  showing  only  major  rivers,  roads,  towns,  and  grid  lines, 
while  a  user  in  the  63  plans  section  may  require  a  background  with  all 
the  detail  of  the  1:50,000  scale  standard  military  topographic  map  in 
order  to  determine  and  compare  courses  of  action  for  an  upcoming  oper¬ 
ation. 

(d)  An  automated  display  system  must  be  capable  of  displaying  map 
backgrounds  for  the  three  uses  described  above.  This  implies  that  the 
system’s  map  background  display  capability  must  meet  differing  user 
requirements  for  area  of  coverage  and  level  of  terrain  detail.  The 
obvious  problem  is  the  attainment  of  map  detail  legibility  on  the 
relatively  small  console  screen.  It  is  not  realistic,  nor  desirable,  to 
expect  the  legibility  found  on  paper  maps  from  the  overall  situation 
maps  which  will  be  displayed  on  the  console.  First  of  ail,  even  if 
technology  could  faithfully  preserve  all  detail  In  the  console  -Jisplay, 
the  ability  of  the  human  eye  to  resolve  fine  detail  which  has  been 
greatly  reduced  in  size  becomes  the  constraining  limitation.  Secondly, 
it  was  noted  in  subparagraph  < b ) J_  above  that  a  user  viewing  the  entire 
area  of  coverage  focuses  only  on  significant  map  features,  and  therefore 
does  not  require  all  available  map  detail.  For  this  type  of  viewing,  a 
map  background  specifically  highlighting  those  map  features  significant 

to  the  user  (.analogous  to  the  map  annotating  and/or  highlighting  currently 


done  in  the  TOC)  is  preferable  to  the  display  of  the  standard  topo¬ 
graphic  military  map.  The  console,  however,  has  the  potential  for  meet¬ 
ing  the  two  uses  which  require  a  more  detailed  map  inspection,  because 
it  can  be  the  instrument  to  allow  the  user  to  "zoom  in"  on  a  smaller 
portion  of  the  overall  area  of  coverage.  Thus,  if  a  console  map  display 
of  a  portion  of  the  overall  area  has  a  display  scale  of  1:50,000  (i.e., 

2  centimeters  on  the  screen  represents  I  kilometer)  or  larger,  the 
legibility  of  the  displayed  map  detail  would  ideally  be  nc  less  than 
that  of  the  standard  military  topographic  map. 

(e)  If  the  rnap  background  displayed  on  the  console  does  not  have 
the  degree  of  legibility  desired  by  the  user,  then  a  map  board  with  a 
hard  copy  map  could  be  placed  near  the  console  for  those  instances  when 
the  user  requires  legibility  of  detail  (for  portions  of  the  overall 
area)  not  attainable  on  the  console  screen.  This  map  board  could  also 
assist  in  continuity  of  operations  (C0N0PS),  where  system  degradation  or 
TOC  displacement  may  preclude  continued  presentation  of  displayed  data. 
In  these  instances,  the  user  may  be  forced  to  revert  to  other  procedures 
which  include  the  temporary  use  of  manual  displays. 

(f)  The  larger  screen  of  the  group  display  output  device  offers 
the  potential  advantages  of  legibility  at  least  equal  to  the  standard 
military  topographic  map.  However,  the  primary  use  of  the  device  is  for 
group  viewing.  Use  of  the  device  by  individual  users  for  the  viewing  of 
map  backgrounds  with  a  high  level  of  detail  might  interfere  with  this 
primary  use. 

(2)  Interactive  graphic  display  console  (individual  display). 

(a)  Map  backgrounds  based  on  the  UfM  grid  system  will  normally  be 
displayed  on  the  console.  However,  the  console  should  be  able  to 
accommodate  other  military  grid  systems.  The  UTM  grid  system  requires 
that  the  console  be  able  to  display  areas  of  coveraqe  which  include  the 
junction  of  two  or  more  map  sheets  and  the  junction  of  two  or  more 
100,000-meter  grid  zones. 

(b)  The  console  must  be  able  to  display  an  area  of  coverage  large 
enough  to  permit  super imposinq  dynamic  symbology  for  most  user  tactical 
situation  displays.  User  data  indicafes  that  an  area  at  least  5G  kilo¬ 
meters  by  50  kilometers  is  required  for  an  ovzmUZ  situation  display  of 
an  armored  or  mechanized  division.  The  console  screen  size  must  be 
designed  to  provide  this  area  of  coverage.  It  is  assumed  that  the 
screen  is  within  easy  arm’s  reach  of  the  operator.  The  operator  must  be 
able  to  view  the  entire  screen  image  area  from  thi^  distance  without 
undue  eye  and  head  movement . 
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(c)  When  the  user  changes  the  area  of  coverage  displayed  on  the 
screen,  user  specltled  dynamic  symbology  In  the  new  area  of  coverage 
must  be  automatically  displayed  on  the  new  area  at  the  appropriate  map 
locations.  This  requirement  applies  If  the  new  area  is  a  magnification 
of  a  small  portion  of  the  old  area,  If  It  includes  all  or  a  portion  of 
the  old  area,  or  If  It  does  not  include  any  portion  of  the  old  area. 

(d)  Map  backgrounds  displayed  on  the  console  screen  must  be  fully 
legible  under  the  dynamic  symbology  ambient  light  requirement.  Full 
legibility  Is  defined  as  the  ability  of  the  operator  to  easily  Identify 
each  and  every  item  of  map  data  displayed.  A  data  item  which  is  not 
legible  is  of  no  informational  value.  To  enhance  legibility,  rhere 
should  be  a  high  degree  of  contrast  between  colors  used  for  the  dynamic 
symbology  and  the  colors  which  represent  map  data.  Colors  used  on  cur¬ 
rent  hard  copy  maps  are  red,  green,  blue,  brown,  and  black.  This  com¬ 
bination  may  not  be  the  best  for  an  automated  display  system.  As  was 
the  case  for. dynamic  symbology,  selection  of  colors  to  represent  map 
data  on  a  display  should  be  based  primarily  on  providing  maximum  I  eg I  — 
bi'.ry  and  should  'not  be  based  on  tradition. 

(e)  The  console  operator  should  be  able  to  vary  the  brightness  of 
the  colors  used  for  specific  map  features  (e.g.,  roads,  vegetation, 
rivers).  He  must,  as  a  minimum,  be  able  to  vary  the  brightness  of  the 
entire  map  background  without  altering  the  brightness  of  the  dynamic 
symbology.  This  capability,  combined  with  the  ability  to  vary  the 
intensity  of  dynamic  symbology,  allows  the  user  to  concentrate  on 
dynamic  symbology  or  map  data  as  desired. 

(f)  The  console  must  be  able  to  display  backgrounds  which  meet  the 
user's  requirements  for  varying  area  of  coverage  and  selective  level  of 
map  detail.  Ideally,  the  user  should  be  able  to  specify  the  desired 
area  of  coverage  by  providing  the  system  with  the  coordinates  of  any  two 
diagonal  corner  points.  The  system  then  automatically  displays  the 
desired  area  on  the  full  screen  image  area.  The  operator  must  have  the 
option  to  number  or  otherwise  identify  the  area  for  convenient  recall. 
Thus,  the  area  can  be  tailored  for  the  particular  situation,  whether  it 
be  I  kilometer  by  I  kilometer  or  50  kilometers  by  50  kilometers. 

Ideally,  the  user  should  also  be  able  to  tailor  the  level  of  map  detail 
to  the  situation  by  being  able  to  display  specific  map  features  (grid 
lines,  roads,  contours,  rivers,  etc.)  individually,  or  in  combination, 
for  the  defined  area  of  coverage.  For  each  specific  map  feature,  the 
user  should  be  able  to  select  more  or  less  detail  (e.g.,  grid  lines  I,  5, 
or  10  kilometers  apart;  primary  roads  only  or  primary  and  secondary 
roads;  contour  intervals  of  ICO,  200,  or  500  meters). 

(g)  A  study  should  be  conducted  to  determine  the  Techniques  that 
could  be  employed  to  provide  the  solution  to  the  requirement  for  tailor¬ 
ing  of  both  the  area  of  coverage  and  the  level  of  map  detail.  Ultimately 
the  Army  will  be  responsible  for  providing  the  map  data  in  the  form  to 


be  used  for  the  map  background  display  technique  selected.  Consequent¬ 
ly,  the  feasibility,  advantages,  disadvantages,  and  costs  of  ail  avail¬ 
able  map  background  display  techniques  should  be  the  subject  of  a  study. 

One  tschm  which  may  have  potential  is  the  definition  of  map 
data  In  digital  form.  !r  is  recognized  that  problems  are  involved  in 
the  conversion  of  hard  c  py  map  data  (particularly  contours)  to  digital 
data  and  in  the  s forage  of  fhis  data.  However,  map  data  in  digital  form 
is  directly  processable  for  display  by  an  automated  display  system  and, 
more  importantly,  can  be  selectively  retrieved  by  map  feature  or  features 
(e.g.,  grid  lines,  roads,  confours,  rivers)  for  a  selectively  defined 
area. 

2  Another  technique  which  could  permit  selectively  variable  area 
of  coverage  is  that  which  uses  an  optical  system  to  focus  on  a  specified 
subarea  of  a  very  large  area.  The  optical  scanner  can  be  controlled  to 
move  in  the  proper  horizon  fa  I  and  vertical  directions  to  the  center  of 
the  desired  area  of  coverage,  then  "zoom  in"  or  "zoom  out"  as  necessary 
to  project  the  correct  area  size  on  the  console  screen.  A  variation  of 
this  technique  is  Ihe  uso  of  a  felevision  camera  to  perform  the  function 
of  the  optical  scanner. 

3,  A  state-oi -ine-ai  s  technique  which  can  be  employed  to  display 
map  data  is  trie  use  of  disci  el  e  on-line  backgrounds,  selectively  retriev¬ 
able,  which  contain  variation  in  both  area  of  coverage  and  level  of  map 
detail.  This  vs  no-:  ihe  optinrurn  solution  but  may  have  to  be  accepted 
until  technology  pormiis  otidinment  of  rhe  ideal  described  earl ler.  If 
this  technique  is  employed,  Ihe  following  requirements  apply: 

a  The  available  backgrounds  must  be  on-line  and  retrievable  within 
ib  seconds.  The  capability  *c  retrieve  and  display  a  background  within 
5  seconds  is  highly  desirable,  fifieen  seconds  is  the  maximum  time  that 
a  user  can  La  c^peCeo  to  v .  *  <  ». itheuf  inconvenience  for  the  retrieval 
of  a  background.  >hc  use*  r.u  ,r  e'so  be  able  to  add  to  or  delete  from 
the  number  of  a <a liable  r-n.  ;..cnds. 

o  Regi sti'ai  ion  of  a  new  background  (i.e.,  defining  for  the  system 
the  limils  cf  The  aiesj  .  oguire  the  operator  to  only  point  at  and 

input  Ihe  ul  M  coo^ui  r  arts  <-.f  two  grid  intersections  diagonally 
located  in  relation  io  eeich  orher.  Ihe  background  must  not  have  to  be 
exactly  horizontal,  vorrical,  or  centered.  Once  registered,  the  back¬ 
ground  must  be  available  for  display  without  re-registration  each  time 
It  is  retrieved. 

c  Backgrounds  +o  be  used  for  display  of  the  overall  division 
situation  must  have  ar.  area  of  coverage  no  less  than  50  kilometers  by 
50  kilometers.  vap"  for  : ..'s  u^e  do  not  require  all  map  detail.  However, 
the  map  dafa  must  be  enhanced  or  highlighted,  and  letters  and  numbers 
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may  have  to  be  larger  than  those  found  on  standard  military  topographic 
maps  In  order  to  provide  full  legibility.  Backgrounds  with  selected 
combinations  of  map  detail  are  required.  Overlap  must  be  provided  to 
allow  for  continuity  of  background  area  of  coverage. 

d  Backgrounds  which  magnify  smaller  portions  of  the  50-kilometer 
by  50-kilometer  backgrounds  must  be  provided.  A  sufficient  number  (four 
to  nine  may  be  sufficient'  depending  upon  the  size  of  the  console  screen) 
of  blowups  should  be  available  such  that  the  composite  area  of  each  50- 
kilometer  by  50-kilometer  background  can  be  shown  In  magnified  form. 

The  blowups  need  not  overlap  but  must  contain  no  less  detail  than  that 
found  on  the  1:50,000  scale  standard  military  topographic  map,  and,  when 
displayed,  must  be  fully  legible.  The  blowups  provide  fhe  high  level  of 
map  detail  necessary  for  a  more  detailed  inspection  of  the  map  back¬ 
ground  data  either  with  or  without  superimposed  symbology. 

e  A  study  should  be  conducted  to  determine  a  means  for  providing 
overlap  of  background  areas,  the  levels  of  map  detail  required,  and  the 
number  of  smaller  areas  required  to  provide  adequate  magnification  of 
each  50-kilometer  by  50-kilometer  area.  The  findings  pertaining  to  the 
adequacy  of  the  map  background  technique  used  by  each  system  (section 
III)  point  to  the  need  for  this  study. 

(3)  Group  display  output  device. 

(a)  The  tactical  situation  displays  on  the  group  display  output 
device  are  intended  primarily  for  viewing  by  a  number  of  persons.  The 
audience  size  will  vary,  but  user  data  indicates  that  viewers  in  a 
division  TOC  normally  will  not  exceed  20. 

(b)  The  envisioned  use  of  the  group  display  output  device  presents 
unique  requirements  pertaining  to  screen  size,  legibility  of  map  data, 
and  background  level  of  detail.  With  the  axception  of  these  require¬ 
ments,  which  are  discussed  In  tiie  following  paragraphs,  all  map  back¬ 
ground  requirements  stated  for  the  Interactive  graphic  display  console 
apply  equally  to  the  group  display  output  device. 

(c)  The  screen  of  the  group  display  must  be  large  enough  to  com¬ 
prehensively  present  a  division  tactical  situation  display  to  an  audi¬ 
ence  of  20  people  and  must  provide  map  background  coverage  for  an  area 
no  less  than  50  kilometers  by  50  kilometors.  Map  backgrounds  on  the 
group  dispiay  should  be  displayed  independent  of  the  backgrounds  on  the 
console  This  permits  a  map  area  to  remain  on  the  group  display  even 
though  different  map  areas  are  shown  on  the  controlling  consoles.  The 
map  backgrounds  which  are  used  to  present  the  ovefi/M  division  situation 
must  be  fully  legible  when  viewed  under  the  ambient  light  requirement 
for  dynamic  symbology  legibility.  Full  legibility  is  defined  as  the 
ability  of  any  Individual  in  the  audience  to  easily  identify  every  item 
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of  map  data  on  the  displayed  background.  The  backgrounds  used  for 
display  of  the  oveAaZt  tactical  situation  must  be  identical  in  area  of 
coverage  and  level  of  detail  to  the  backgrounds  used  on  the  console  for 
the  same  purpose.  This  is  the  primary  background  type  required  for  the 
group  display. 

(d)  In  addition  to  the  uveAaZl  tactical  situation  display  back¬ 
ground  requirement,  the  ability  fo  display  a  map  background  with  a 
degree  of  detail  equal  to  +he  standard  military  1:50,000  topographic  map 
and  with  an  area  of  coverage  no  less  than  50  kilometers  by  50  kilometers 
is  desirable.  The  legibility  of  map  detail  on  this  background  should  be 
no  less  than  that  of  the  standard  military  topographic  map.  The  avail¬ 
ability  of  this  background  not  only  permits  viewing  of  greater  map 
detail  but  also  allows  the  user  to  better  associate  the  map  display  to 
the  standard  military  topographic  map  with  which  he  is  familiar.  The 
viewer  may  have  to  move  closer  to  the  background  to  identify  all  detail. 

(e)  It  is  also  desirable  to  display  backgrounds  which  are  iden¬ 
tical  to  the  blowups  on  the  console.  These  backgrounds  can  be  used  when 
one  or  more  individuals  in  The  audience  desire  more  map  detail.  The 
interested  individuals  may  have  to  move  closer  to  the  screen  to  identify 
a  1 1  deta i I . 

(f)  If  on-line  discrete  background  maps  are  used,  a  means  for 
their  initial  registration  will  be  reauired.  Once  registered,  they 
should  not  require  re-registration. 

(4)  Map  overlay  input  device. 

(a)  The  map  overlay  input  device  can  serve  two  purposes  in  a  TOC: 

1  The  inpui  +o  the  system  of  freehand  graphic  data  such  as  that 
found  on  an  operation  overlay  (e.g.,  symbols  for  boundaries,  objectives, 
phase  lines). 

2  the  input  to  the  system  of  actual  map  data  (e.g.,  outlining  a 
hill  mass)  to  allow  the  user  to  highlight  or  modify  displayed  map  back¬ 
grounds. 

(b)  Either  use  of  the  device  requires  that  the  overlay  or  the 
actual  map  sheet  be  placed  on  the  device  and  the  data  to  be  input  then 
traced  or  input  to  the  system  in  some  manner.  The  device  must  be  large 
enough  to  accommodate  rhe  map  area  of  coverage  for  the  majority  of  div¬ 
ision  tactical  situations  (i.e.,  no  less  than  50  kilometers  by  50  kilo¬ 
meters).  The  size  of  a  50-kilometer  by  50-kilometer  area  on  a  scale  of 
1:50,000  (the  scale  of  maps  most  widely  used  in  the  division)  is  i  meter 
by  I  meter. 
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(c)  Entry  of  map  data  or  overlciy  data  requires  that  the  map  or 
overlay  be  registered.  The  registration  must  only  require  an  operator 
to  point  at  and  input  the  UTM  coordinates  of  any  two  grid  intersections 
diagonally  located  in  relation  to  each  other.  The  map  must  not  have  to 
be  exactly  horizontal,  vertical,  or  centered.  The  device  must  be  able 
to  accept  for  registration  maps  which  use  the  UTM  grid  system.  Map 
areas  to  be  registered  may  include  the  junction  of  two  or  more  map 
sheets  and  the  junction  of  two  or  more  100,000-meter  grid  zones.  The 
device  should  accept  maps  of  any  scale  but  must,  as  a  minimum,  accept 
maps  with  a  scale  of  1:25,000,  1:50,000,  1:100,000,  and  1:250,000. 

(5)  Map  overlay  output  device. 

(a)  The  map  overlay  output  device  requires  a  copy  size  sufficient 
to  provide  the  same  area  of  map  coverage  as  that  required  for  the  inter¬ 
active  graphic  display  console.  The  map  overlay  output  device  copy  size 
must  be  at  least  I  meter  by  I  meter.  This  allows  the  complete  output  of 
most  division  tactical  situation  displays  for  the  most  commonly  used 
scale  and  required  area  of  coverage.  A  50-kilometer  by  50-kilometer 
area  of  coverage  on  a  1:50,000  scale  standard  military  map  measures 
I  meter  by  I  meter. 


(b)  Division  tactical  overlays  will  normally  be  used  with  standard 
scale  military  maps  and  therefore  must  have  a  I  to  I  ratio  with  these 
maps.  However,  the  device  should  have  the  ability  to  provide  copy  to 
any  scale  desired.  As  a  minimum,  the  operator  must  be  able  to  specify 
scales  of  1:25,000,  1:50,000,  1:100,000,  and  1:250,000. 


e.  Timeliness  and  ease  of  use. 


( I )  Genera  I . 


(a1  User  acceptance  of  an  automated  display  system  wi I i  be  greatly 
influenced  by  how  easy  it  is  to  interact  with.  This  is  directly  affected 
by  how  easy  the  operating  procedures  are  to  learn  and  use  as  well  as  how 
quickly  the  system  responds  to  each  step  of  a  procedure.  Ideally,  the 
procedures  should  be  so  easy  to  learn  and  use  that  a  commander  or  staff 
officer  could  operate  the  system  after  watching  someone  else  for  a  very 
short  period.  This,  along  with  a  greatly  increased  ability  over  manual 
methods  for  performing  information  display  functions  in  the  conduct  of 
tactical  operations,  will  assure  user  acceptance. 


(b)  Subparagraph  e  addresses  automated  display  system  requirements 
for  timeliness  and  ease  of  use.  The  detailed  operating  procedures  cuie 
pfiuerited  cu>  a  giUde.  tuxth&i  than  cu>  i-Om  KtqvuAmzrvtA .  The  procedures 
serve  two  purposes: 


J_  To  outline  the  int&iacZLve.  capabiLLtieA  that  automated  display 
systems  must  have  to  effectively  assist  the  user  in  meeting  his  informa¬ 
tion  display  requirements. 


64 


2_  To  illustrate  the  degree  i-mptLcXtij  that  each  procedure 
should  have.  The  two  primary  factors  which  must  be  considered  in  the 
design  of  operating  procedures  are  the  ease  with  which  the  procedures 
can  be  learned  and  the  ease  with  which  they  can  be  used. 

(c)  It  will  be  noted  that  the  procedures  use  function  pushbuttons. 
U^er  comments  during  the  experiment  indicated  that  pushbuttons  were 
preferred  over  "menu  selection"  by  light  pen  or  typed  alphanumeric 
commands.  Preference  for  pushbuttons  was  influenced  by  the  ease  with 
which  pushbutron  procedures  were  learned  and  remembered.  This  ease 
resulted  from  the  logical  grouping,  individual  identification,  and 
straightforward  use  of  pushbuttons. 

(d)  The  preference  for  pushbuttons  is  not  inlended  to  mean  that 
pushbuttons  re  to  be  used  for  every  step  in  each  procedure  presented. 

In  tact,  Ine  total  number  of  pushbuttons  required  may  be  excessive  if 
pushbuttons  are  used  exclusively  for  t^e  implementation  of  all  the 
procedures  presented.  Pushbuttons  merely  provide  a  convenient  means  of 
standardizing  the  description  of  the  procedures. 

(e)  A  human  engineering  study  is  required  to  determine  the  best 
design  for  incorporating  fhe  procedures  to  be  used.  The  optimum  design 
may  involve  the  use  of  pushbuttons  in  conjunction  with  other  techniques. 
For  example,  pushbuttons  could  be  used  when  the  steps  in  a  procedure  are 
few  or  to  initiate  the  key  steps  of  a  long  procedure.  "Menu  selection" 
or  some  other  appropriate  technique  could  be  employed  (after  the  step  is 
initiated  by  a  pushbutton)  if  the  use  of  pushbuttons  for  subsequent 
procedure  steps  would  be  impractical  or  inefficient  when  considered  in 
the  context  of  the  overall  design. 

(f)  The  pushbuttons  used  in  the  description  of  the  procedures  can 
be  illuminated  and  are  either  on  (lit)  or  off  depending  on  their  state 
before  the  operator  touches  fhem.  This  gives  the  operator  positive 
feedback  that  his  interaction  has  been  sensed  by  the  computer.  It  also 
provides  a  ready  reference  as  to  which  pushbuT+ms  are  currently  activ¬ 
ated.  In  addition,  the  computer  is  able  to  light  or  turn  off  any  and 
all  pushbuttons.  This  feature  ass i sis  in  leading  the  operator  through 
the  key  steps  of  an  operating  procedure  by  allowing  the  computer  +o 
indicate  (by  blinking  or  color  change)  the  possible  pushbutton  selec¬ 
tions  in  an  operational  sequence.  Any  technique  used  in  lieu  of  push¬ 
buttons  should  also  lead  fhe  operator  through  the  key  steps  ~f  the 
operating  procedures. 

(2)  Interactive  graphic  display  console  (individual  display). 

(a)  General. 

I  The  usefulness  of  an  automated. data  base  is  directly  influenced 
by  the  ease  and  timeliness  with  which  the  user  can  interact  with  it. 

The  primary  device  for  user  inferaction  is  the  console.  The  system  must 


65 


lead  the  operator  through  each  key  step  of  the  operating  procedures. 

For  example,  if  function  pushbuttons  are  used,  the  system  could  be  pro¬ 
grammed  to  light  appropriate  pushbuttons  to  show  the  operator  his  choice 
of  alternatives  at  each  step  In  the  procedure.  In  this  case,  the  push¬ 
buttons  should  be  lit  in  a  color  selected  to  identify  them  as  available 
alternatives  and  to  differentiate  them  from  pushbuttons  which  are  merely 
activated. 

2  The  console  operator  must  be  able  to  add,  deiete,  correct,  move, 
and  dec i utter  (offset)  any  tactical  situation  display  data  item. 
Instantaneous,  visual  feedback  of  the  operator's  actions  is  required  for 
all  manipulations.  Data  manipulation  requires  a  means  for  positioning 
newly  created  or  moved  items  and  also  a  means  for  indicating  which  item 
in  the  display  is  to  be  deleted,  corrected,  moved,  or  dec  I  uttered. 

3  There  are  two  basic  methods  for  positioning  a  data  item.  One 
method  is  the  use  of  a  map  background  to  "eyeball”  the  desired  location. 
This  position  is  then  indicated  to  the  system  by  pointing.  The  other 
method  is  by  keyboard  entry  of  the  coordinates,.  The  console  must  give 
the  operator  the  option  of  using  either  method.  The  first  method  is 
generally  used  when  the  exact  location  is  not  critical  or  when  the 
position  needs  to  be  determined  through  map  inspection.  Coordinate 
entry  is  used  for  data  items  with  specific  coordinates.  Coordinate 
entry  must  not  -equire  grid  zone  designation  (entry  of  grid  zone  desig¬ 
nation  shcld  be  optional).  Additionally  it  must  allow  a  4-,  6-,  or  8- 
digit  entry  depending  upon  operator  preference.  The  map  currently 
registered  and  displayed  can  be  used  by  the  system  to  interpret  the 
coordinates  entered  ty  the  operator. 

£  The  preferred  method  for  the  selection  of  items  to  be  deleted, 
corrected,  deciuttered,  or  moved  is  to  point  at  the  item.  Ideally,  the 
operator  should  be  able  to  indicate  which  Item  is  to  be  manipulated  by 
touching  it  with  his  finger,  provided  the  technology,  cost,  and  com¬ 
plexity  of  implementation  support  this  method.  Other  less  desirable 
(but  state-of-the-art)  methods  for  pointing  are  light  pens  and  trackball- 
or  joystick-controlled  curso  . 

£  The  addition,  deletion,  correction,  declutter,  or  movement  of 
aisplay  data  items  must  require  a  minimum  of  operator  effort  and  training. 
There  are  three  basic  types  of  data  items  They  are  alpha numerics,  mil- 
l ran/  unit  symbols,  and  graphics.  The  f'V  lowing  procedures  for  the  man¬ 
ipulation  of  the  three  Types  of  data  items  are  meant  to  be  a  guide. 
rather  than  an  absolute.  The  intent  of  each  procedure  is  to  provide 
maximum  ease  of  use. 

( b )  Data  item  creation.  Data  5 tern  creation  should  require  a  pro¬ 
cedure  similar  ro  that  listed  below: 

J_  Press  the  CREATE  data  item  pushbutton. 


2  Select  the  categories  the  data  item  w'll  be  a  member  of  by 
pressing  the  appropriate  category  pushbuttons.  (See  subparagraph  (i) 
below.) 


3  Press  one  of  three  data  type  pushbuttons:  A/N,  MILITARY  SYI^OL, 
or  GRAPHIC. 


£  Press  the  desired  color  pushbutron  (e.g.,  RED  for  red). 

5  Point  to  the  desired  location  on  the  screen  or  type  in  the 
coordinate  location.  (There  should  be  visual  feedback  whenever  a  coor¬ 
dinate  is  typed  to  allow  the  operator  to  determine  if  the  correct 
coordinate  is  being  typed.) 

6  Create  the  desired  item  by  using  the  procedure  discussed  in  the 
following  subparagraphs. 

£  Alphanumerics. 

(O  Alphanumerics  are  most  effectively  created  with  the  ASCII  key¬ 
board.  A  special  key  for  the  coordinate  position  dot  associated  with 
some  alphanumerics  (e.g.,  •  TANK,  •  TRUCK)  must  be  provided,  since  the 

ASCII  period  does  not  stand  out  and  its  location  is  generally  not  pre¬ 
cise.  A  marker  must  appear  on  the  screen  to  indicate  to  the  operator 
the  position  of  the  next  character  to  be  added. 

(2)  The  ability  to  space  left,  right,  up,  ~nd  down  is  required  to 
allow  the  operator  to  format  the  data  item  ro  su;t  nis  needs.  He  must 
also  be  able  to  Dackspace  ir,  order  to  make  corrections. 

£  Military  unit  symbols. 

(J_)  In  creating  military  unit  symbols,  pushbuttons  should  be  used 
to  select  a  headquarters,  center  of  mass,  or  trains  symbol.  If  the 
symbol  is  to  depict  a  proposed  or  task  force  symbol,  the  appropriate 
pushbuttons  should  be  pressed.  Branch  duty  symbol  selection  is  then 
accomplished  by  pressing  a  pushbutton.  The  following  branch  duty  symbol 
pushbuttons  should  be  provided: 


AIRBORNE 

ARTILLERY 

AIRMOBILE 

ANTITANK 

FIELD  ARTILLERY 

TRANSPORTATION 


ARMOR 

AVIATION 

CAVALRY 

CHEMICAL 

ENGINEER,  BRIDGE 


ENGINEER  AIR  DEFENSE 
I NFANTRY 
MAINTENANCE 

PHYCHOLOGtCAL  OPERATIONS 
SIGNAL 


( 2 )  At  least  10  additional  pushbuttons  must  be  provided  for  oper¬ 
ator  created  branch  duty  symbols.  (See  subparagraph  (g)  below  for 
creation  procedures.'  The  operator  must  have  the  option  of  superimpos¬ 
ing  at  least  two  branch  symbols  (e.g.,  armor,  infantry)  in  the  creation 
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of  a  military  unit  symbol.  An  easily  identifiable  point  such  as  the 
lower  left  corner  of  the  flag  should  be  established  as  the  location  of 
flag  symbols  with  no  staffs.  The  system  should  lead  the  operator  through 
the  addition  of  the  left  and  right  identifications  and  the  echelon.  A 
marker  must  advance  automatically  to  each  of  these  locations.  Each 
location  must  allow  for  the  entry  of  up  to  four  ASCII  characters. 

£  Graphics. 

(I)  The  creation  of  graphic  items  such  as  bounds  ies,  frontline 
traces7  trench  lines,  and  freehand  symbols  by  a  series  of  short  line 
segments  must  be  possible  by  both  pointing  and  coordinate  locat,on.  The 
procedure  should  require  only  that  the  operator  specify  the  points  of 
inflection,  the  end  point,  and  the  type  graphic  (solid  line,  dashed 
line,  trench  symbol)  being  created.  The  following  line-type  graphic 
symbol  pushbuttons  should  be  provided: 

SOLID  LINE  DASHED  LINE 

TRENCH,  BASIC  SYMBOL  TANK  OBSTACLE,  TYPE  UNSPECIFIED 

WIRE,  CONCERTINA,  SINGLE  LINE  OF  CONTACT  (defensive  front- 

l i ne  trace) 


At  least  fwo  additional  pushbuttons  must  be  provided  for  operator  creat¬ 
ed  line-type  graphic  symbols.  (See  subparagraph  (g)  below  for  creation 
procedures.)  The  system  should  automatically  connect  the  points  with 
the  line  type  selected.  In  the  case  where  pointing  is  used  to  specify 
coordinate  location,  it  is  desirable  to  have  a  rubber  band  line  segment 
effect  which  allows  the  operator  to  see  where  the  line  will  be  before 
fixing  the  inflection  point. 


(2)  The  creation  of  circles  or  ellipses  should  be  indicated  to  the 
system  by  pressing  the  CIRCLE  or  ELLIPSE  pushbutton.  The  operator  then 
indicates  the  radius  or  major  and  minor  axes  by  pointing  to  their  par¬ 
ticular  locations  on  the  screen.  A  continuously  visible  size  variation 
ability  at  this  point  is  desirable. 

(.5)  The  creation  of  individual  graphic  symbols  such  as  mines  and 
control  points  should  use  pushbuttons  for  the  selection  of  the  desired 
symbol.  The  following  graphic  symbol  pushbuttons  should  be  provided: 


OBSERVATION  POST 

COORDINATING  POINT 

MINE,  ANTITANK 

MINE,  ANTIPERSONNEL 

POL  POINT,  GROUND  (combat 

service  support  installation) 


AMMUNITION  SUPPLY  POINT,  ALL  TYPES 
(combat  service  support  installations) 
AID  STATION  (combat  service  support 
instal I  at  ion) 
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At  least  five  extra  pushbuttons  must  be  provided  for  operator  created 
individual  graphic  symbols.  (See  subparagraph  (c)  below  for  creation 
procedures.)  The  coordinate  location  of  the  symbols  will  be  assumed  to 
be  at  their  center. 

1_  If  the  operator  desires  to  start  over  at  any  point,  he  should 
only  have  to  press  the  ABORT  pushbutton.  Tb#s  returns  the  console  to 
the  operational  state  it  was  in  before  the  CREATE  pushbutton  was  pressed. 

8  Press  the  COMPLETE  pushbutton.  This  should  leave  the  previously 
selected  CREATE,  category,  symbol  type,  and  color  pushbuttons  lit.  The 
operator  can  then  create  several  data  items  of  the  same  type  without 
reselection.  He  should  also  have  the  option  of  reselecting  categories, 
^vmbol  type,  or  color  at  any  time  before  the  COMPLETE  pushbutton  is  pressed. 
The  CREATE  pushbutton  will  remain  activated  until  the  operator  turns  it 
off, 

(c)  Data  item  correction.  The  procedure  for  correcting  symbols  in 
a  display  should  be  similar  to  that  listed  in  the  following  subparagraphs: 

\_  Press  the  CORRECT  data  item  pushbutton. 

2  Point  out  the  item  to  be  corrected.  (Visual  feedback  as  to 
which  symbol  was  selected  should  occur.) 

3  Correct  the  symbol  by  using  the  procedure  discussed  in  the 
following  subparagraphs  for  that  type  item.  If  a  color  change  is  all 
the  operator  desires,  he  should  only  have  to  press  the  appropriate  color 
pushbutton. 

a_  Alphanumerics.  Alphanumeric  correction  must  allow  for  advancing 
or  backspacing  to  any  character  in  the  data  item.  A  marker  must  indic¬ 
ate  which  character  will  be  changed  if  an  ASCII  key  is  pressed. 

b^  Military  symbols.  The  procedure  for  military  unit  symbol  cor¬ 
rection  must  also  use  a  marker  to  indicate  to  the  operator  which  portion 
of  the  symbol  the  system  is  ready  to  change.  The  marker  under  opera+or 
control  either  advances  or  backspaces  through  the  parts  which  make  up 
the  data  item  (flag,  branch,  identifications,  echelon).  This  allows  him 
to  change  any  or  all  parts  of  the  item. 

c  Graphics.  Line  segment  graphic  item  correction  is  much  like  the 
correction  of  alphanumerics  and  military  unit  symbols  as  a  marker 
indicates  to  fhe  operator  which  inflection  point  the  system  is  ready  to 
change.  The  graphic  type  (i.e.,  solid  line,  trenches)  is  also  subject 
to  change.  Correction  of  circle  radiuses  or  ellipse  major  and  minor 
axes  requires  indicating  the  new  radius  or  axis  by  pointing  to  its 
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location  on  the  screen.  Correction  of  individual  graphic  symbols  (i.e., 
mines,  control  points)  should  only  require  pressing  the  pushbutton  for 
the  desired  symbol . 

4  If  the  operator  desires  to  start  over  again  he  should  only  have 
to  press  the  ABORT  pushbutton. 

5  Press  the  COMPLETE  pushbutton.  The  console  should  return  to  the 
operaTional  state  which  existed  prior  to  pressing  CORRECT. 

(d)  Data  item  movement.  The  procedure  for  moving  a  data  item 
applies  to  all  data  types  except  iine  segment  graphics  and  should  be 
similar  to  the  procedure  listed  below: 

J_  Press  the  MOVE  data  item  pushbutton. 

2_  Point  out  the  item  to  be  moved.  (Visual  feedback  as  to  which 
item  was  selected  should  occur.) 

3  Point  to  the  desired  new  location  on  the  screen  or  Type  in  the 
coordinate  location.  (There  should  be  visual  feedback  of  the  coordinate 
be i ng  typed . ) 

£  If  the  operator  desires  to  start  over  at  any  point  he  should  — 

only  have  to  press  the  ABORT  pushbutton.  %.} 

5_  Press  the  COMPLETE  pushbutton.  The  console  should  return  to  the 
operational  state  which  existed  prior  to  pressing  MOVE. 

(e)  Data  item  declutter  (offset).  The  procedure  for  decluttering 
a  data  item  apilies  to  all  data  types  except  graphics  and  should  be 
similar  to  the  procedure  listed  below: 

l_  Press  the  DECLUTTER  data  item  pushbutton. 

7_  Point  out  the  item  to  be  decluttered.  (Visual  feedback  as  to 
which  item  was  selected  should  occur.) 

£  Move  the  item  to  the  desired  new  location.  The  item  must  appear 
to  move  with  the  pointer.  This  helps  the  operator  to  position  it  in  the 
least  cluttered  area  of  the  screen.  A  line  will  appear  between  the 
item's  offset  location  and  its  true  location. 

4  |f  the  operator  decides  not  to  declutter  the  item  after  all,  he 
should  oniy  have  to  press  The  ABORT  pushbutton. 

5  Press  the  COMPLETE  pushbutton.  The  DECLUTTER  pushbutton  should 
remain  activated  until  the  operator  turns  it  off. 
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(f)  Data  Item  delete.  The  procedure  for  deleting  a  data  Item 
applies  to  all  data  types  and  should  be  similiar  to  that  listed  below: 

J_  Press  the  DELETE  data  item  pushbutton. 

2_  Point  out  the  item  or  items  to  be  deleted.  More  than  one  item 
.-an  be  deleted  at  a  time.  As  each  item  is  pointed  to,  it  must  disappear 
from  the  display. 

3_  If  the  operator  decides  not  to  delete  the  items  selected,  he 
should  have  the  option  of  pressing  the  ABORT  pushbutton,  thereby  re¬ 
storing  all  the  temporarily  deleted  symbols. 

4  Press  the  COMPLETE  pushbutton.  The  console  should  return  to  the 
o^eraTional  state  which  existed  prior  to  pressing  DELETE. 

(g)  User  created  symbols.  The  user  must  have  the  ability  to  cre¬ 
ate  unique  branch  duty  and  graphic  symbols  to  be  used  exactly  like  the 
permanent  branch  duty  and  graphic  symbols. 

J_  Military  unit  branch  duty  symbols.  The  console  must  allow  the 
user  to  create  at  least  10  branch  duty  symbols.  Each  created  symbol 
must  be  associated  with  a  particular  pushbutton  on  the  console.  The 
pushbuttons  are  used  in  exactly  the  same  manner  as  the  permanent  branch 
duty  symbol  pushbuttons  in  the  creation  and  correction  of  military  unit 
symbols.  The  procedure  for  creating  additional  branch  duty  symbols  is 
listed  below: 

£  Press  the  CREATE  SYMBOL  pushbutton.  This  should  cause  an  en¬ 
larged  military  unit  flag  (rectangle)  to  appear  on  the  console  screen. 

b  Using  the  create  graphic  vector  procedure,  create  the  desired 
branch  symbol  as  a  series  of  short  line  segments  inside  the  flag. 

£  Press  the  pushbutton  the  branch  symbol  is  to  be  associated  with. 
The  pushbutton  should  allow  the  operator  to  affix  a  copy  of  the  symbol 
to  it.  if  a  symbol  has  been  previously  assigned  to  this  pushbutton, 
t'.is  step  replaces  it  with  the  newly  created  branch  duty  symbol. 

2_  Graphic  symbols. 

£  The  console  must  allow  the  user  to  create  at  least  five  indi¬ 
vidual  graphic  symbols.  As  is  the  case  for  branch  duty  symbols,  each 
created  graphic  symbol  must  be  associated  with  a  particular  pushbutton 
on  the  console.  The  pushbuttons  are  used  in  exactly  the  same  manner  as 
the  permanent  individual  graphic  symbol  pushbuttons  in  the  creation  and 
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correction  of  graphic  symbols.  The  procedure  for  the  creation  of  addi¬ 
tional  graphic  symbols  Is  the  same  as  the  procedure  for  military  unit 
branch  symbol  creation.  When  the  operator  presses  the  CREATE  SYMBOL 
pushbutton,  the  enlarged  rectangular  format  used  In  the  creation  of 
military  unit  branch  duty  symbols  provides  the  operator  with  a  ready 
frame  of  reference.  Since  the  operator  knows  that  the  enlarged  format 
reduces  to  the  size  of  a  military  unit  symbol  rectangle  on  a  display,  he 
can  create  the  desired  graphic  symbol  to  the  appropriate  size  Inside  the 
format. 


b  The  console  must  also  allow  for  the  creation  of  at  least  two 
Ilne-Type  graphic  symbols.  The  created  symbol  must  be  associated  with  a 
particular  pushbutton  on  the  console.  The  pushbuttons  are  used  in 
exactly  the  same  manner  as  the  permanent  ilne-type  graphic  symbol 
buttons.  The  procedure  for  the  creation  of  line-type  graphic  symbols  is 
the  same  as  that  used  for  the  creation  of  military  unit  symbols  and 
individual  graphic  symbols.  By  using  the  enlarged  rectangular  format  as 
the  frame  of  reference,  the  operator  can  create  a  repeatable  element  of 
the  r.-aphlc  Ilne-type  symbol  of  the  appropriate  size  inside  the  format. 

(h)  Backgrounds. 

Ideally,  background  map  display  should  require  the  operator  to 
only  specify  the  level  of  detail  and  the  area  of  coverage  desired. 
Registration  with  the  dynamic  symbology  should  be  automatic.  If  a 
particular  background  Is  to  be  frequently  displayed,  the  operator  must 
have  the  option  of  giving  It  an  Identification  label  which  will  allow 
its  recall  without  the  operator  having  to  respecify  the  level  of  detail 
and  area  of  coverage.  The  currently  selected  categories  of  dynamic 
symbology  In  a  newly  selected  area  of  coverage  must  appear  automatically. 

2  The  procedure  for  obtaining  a  desired  map  background  should  be 
similar  to  that  listed  below: 


a_  Press  the  SELECT  MAP  pushbutton. 

b^  Use  ASCII  keys  to  type  in  the  desired  map  identification  label 
if  the  map  is  one  that  has  been  identified  previously. 

c  if  the  desired  map  has  not  been  identified,  select  the  desired 
detail’  by  pressing  the  appropriate  pushbuttons  (i.e.,  ROADS,  GRIDS, 
RIVERS,  TOWNS),  Type  in  the  coordinate  (grid  zone  designation  and  four 
or  six  digits)  for  the  extreme  lower  left  and  upper  right  corners  of  the 
desired  area  of  coverage. 

d_  Press  th*'  SELECT  MAP  pushbutton  again.  This  cuuses  the  desired 
map  to  be  '  *  s  p I  a  >  J  and  the  pushbutton  to  be  turned  off.  (The  map  musr 
be  displayed  in  15  seconds  or  less.) 
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3  The  operator  should  be  able  to  add  or  subtract  map  detail.  This 
shoulcT  only  require  that  he  press  the  appropriate  map  detail  pushbutton 
(i.e.,  ROADS,  RIVERS,  GRIDS,  TOWNS).  Detail  will  either  be  added  or 
subtracted  depending  on  whether  or  not  it  is  currently  displayed. 

4  If  at  any  time  the  operator  wants  to  give  a  label  identification 
to  the  map  currently  displayed  sc  that  it  can  be  recalled,  he  should  be 
able  to  do  so  by  pressing  the  ADD  MAP  ID  pushbutton  and  then  typing  the 
desired  label  on  the  ASCII  keyboard.  Map  identification  labels  should 

be  console  peculiar  (i.e.,  each  console  will  have  its  own  set  of  labels). 
Other  console  operators  will  be  able  to  retrieve  a  map  identified  on  a 
different  console  by  using  the  appropriate  prefix  for  that  console. 

5  The  label  of  the  map  currently  displayed  should  appear  at  a 
pa-ticular  location  on  the  display  screen.  If  that  particular  combin- 
aT.on  of  detail  and  area  of  coverage  has  not  been  labeled,  no  label 
should  appear.  A  list  of  labels  currently  being  used  to  identify  maps 
on  that  console  should  be  available  upon  request  of  the  operator.  Maps 
may  be  deleted  from  this  list  by  pressing  the  DELETE  MAP  ID  pushbutton 
and  pointing  to  the  label  of  the  map  to  be  deleted. 

6  If  the  ideal  background  map  display  procedure  described  above  is 
not  possible,  discrete  background  maps,  although  not  as  flexible,  offer 
an  alternate  approach.  If  the  user  is  given  an  infinite  number  of  on¬ 
line  discrete  background  maps,  he  can  approach  the  flexibility  of  the 
ideal  map  described  above.  However,  an  infinite  number  of  on-line  maps 
that  have  varying  areas  of  coverage  and  different  combinations  of  detail 
is  not  realistic.  Realizing  this,  the  following  considerations  are 
provided  to  assist  in  the  specification  of  systems  that  use  discrete  map 
background  presentation. 

a  Each  display  system  must  have  a  number  of  discrete  maps  on  line. 
Each  map  in  the  set  must  be  available  within  15  seconds.  Initial  regis¬ 
tration  and  cataloging  of  a  map  must  only  require  that  the  operator 
point  out  two  diagonally  located  grid  intersections  or  two  known  (diag¬ 
onally  located)  points  and  type  in  their  coordinates  (grid  zone  desig- 
nalor  and  4,  6,  or  8  digits).  The  group  display  will  require  a  method 
for  indicating  these  two  coordinate  locations  to  fhe  system.  The  oper¬ 
ator  must  assign  an  identification  label  to  the  map  so  that  it  can  be 
easily  recalled.  This  label  must  be  visible  whenever  the  map  is  dis¬ 
played.  Once  the  map  is  registered,  it  must  not  require  registration 
upon  reca 1 1 . 

b  Background  orientation  or  scale  must  be  immaterial  when  regis¬ 
tering  a  map.  There  must  be  no  requirement  that  the  map  be  exactly 
vertical  or  centered  or  that  it  have  a  particular  magnification  factor. 

In  addition,  a  means  for  easily  chanqing  on-line  backgrounds  either 
singly  or  as  a  set  must  be  provided. 


(i)  Data  category  selection. 

The  use  of  transparent  overlays  or  "drops”  Is  commonplace  In  a 
TOC.  Each  drop  depicts  a  specific  data  category  or  categories  such  as 
friendly  unit  locations  and  boundaries  and  is  placed  over  a  hard  copy 
map.  The  drops  can  be  viewed  singly  or  in  combination,  one  drop  on  top 
of  the  other.  The  use  of  drops  points  out  the  user  requirement  for  the 
selective  viewing  of  data. 

2_  An  automated  display  system  must  be  able  to  store  and  display 
data  items  by  category.  The  use  of  categories  is  analogous  to  the  use 
of  manual  drops.  The  easy  assignment  of  a  data  item  to  a  category  or 
categories,  along  with  rapid  access  to  and  display  of  data  items  in  the 
desired  category  or  categories,  is  essential  to  effective  user  manage¬ 
ment  and  analysis  of  data. 

5_  The  system  should  provide  for  approximately  30  data  category 
pushbuttons  on  tne  interactive  graphic  display  console.  If  the  display 
system  is  interfaced  with  other  systems  such  as  TOS,  some  of  these  push¬ 
buttons  will  be  associated  with  standard  categories  to  permit  the  effic¬ 
ient  transmission  and  receipt  of  data  in  the  standard  categories. 

When  a  new  data  item  is  added  to  the  system’s  data  base,  the 
system  must  allow  the  user  to  specify  which  category  or  categories  the 
data  item  is  to  be  stored  and  displayed  under.  It  must  be  possible  to 
assign  a  data  item  to  more  than  one  category  and  to  change  the  category 
or  categories  of  any  displayed  data  item. 

Data  items  associated  with  a  particular  echelon  (e.g.,  hostile 
and  friendly  units)  may  be  required  to  be  displayed  by  echelon  for  a 
selected  category.  For  example,  a  user  may  wish  to  display  the  category 
containing  friendly  unit  locations  but  want  to  see  only  those  units  of 
brigade  size  or  larger.  A  set  of  pushbuttons  to  specify  the  desired 
echelons  should  be  provided  for  this  purpose. 

<5  It  is  desirable  to  allow  the  user  the  option  of  specifying  the 
time  frame  for  categories  which  he  selects.  An  example  of  the  use  of 
this  option  is  the  display  of  reported  vehicular  movement  from  (date 
time  group)  to  (date  time  group).  If  the  option  is  not  exercised,  the 
system  displays  all  data  for  the  selected  category  and  echelon.  The 
time  frame  applies  to  all  categories  selected  for  display. 

1_  The  procedures  listed  below  are  provided  as  a  guide,  to  data 
category  selection  and  category  change.  Initial  assignment  of  a  data 
itom  to  a  category  is  discussed  in  the  procedure  for  data  item  creation 
i subparagraph  (b)  above)  ana  the  section  on  TOS  message  receipt  (sub- 
paragraph  (k)  below). 
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£  Selection  of  data  categories  for  display.  (It  is  assumed  that 
the  user  has  already  selected  and  has  displayed  the  map  background  area 
of  coverage . ) 

(J_)  Press  the  desired  echelon  pushbuttons  for  the  categories  to  be 
displayed.  The  echelon  selection  applies  to  all  displayed  categories 
which  have  echelon  associated  data  items. 

(2)  Press  the  desired  category  pushbuttons.  This  Causes  the  dis¬ 
play  oT  data  items  in  the  desired  categories  for  the  specified  echelon(s). 
Pressing  a  category  pushbutton  which  is  lit  disengages  the  pushbutton, 
turns  the  light  off,  and  causes  all  dala  items  belonging  to  that  cate¬ 
gory  to  be  removed  from  the  display. 

£  Changing  the  category  of  a  displayed  data  item. 

(j_)  Press  the  CHANGE  CATEGORY  pushbutton.  This  causes  all  cate¬ 
gory  pushbuttons  which  are  lit  to  be  turned  off. 

(2)  Press  the  desired  category  pushbuttons. 

(3)  Point  to  the  data  item  (or  data  items,  if  more  than  one  data 
item  is  to  be  stored  in  the  new  categories)  on  the  display.  (Visual 
feedback  to  indicate  the  selected  symbols  should  occur.) 

(£)  Press  the  CHANGE  CATEGORY  pushbutton.  This  assigns  the  selected 
data  items  to  the  new  categories.  The  light  on  this  pushbutton  turns 
off,  and  the  previously  lit  category  pushbuttons  turn  on. 

(5)  The  user  may  press  the  ABORT  pushbutton  at  any  time  during  the 

procedure.  This  returns  the  display  to  the  state  it  was  in  before  the 

procedure  was  initiated. 

(j)  History  slorage. 

J_  A  means  for  storing  display  scenes  is  requ'red.  Stored  scenes 
can  be  used  for  briefings  on  the  large  screen,  unit  historical  data,  and 

the  development  of  different  plans  and  analysis.  The  user  must  have  the 

ability  to  manipulate  the  data  items  in  any  recalled  scene.  The  system 
must  also  have  the  capability  to  re-store  these  modified  display  scenes. 
The  procedure  for  storing  display  scenes  should  be  similar  to  that 
I i sted  be  I o  \ 

£  Press  the  STORE  HISTORY  pushbutton. 

b^  Type  a  brief  description  of  fhe  scene  that  was  stored.  Visual 
feedback  of  what  is  typed  should  appear  on  the  lower  edge  of  the  scene. 
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c  The  system  adds  this  scene  description  to  its  current  listing  of 
stored  scenes  for  that  particular  console. 

£  Press  the  STORE  HISTORY  pushbutton  again.  This  completes  the 
storage  procedure  and  the  pushbutton  light  goes  off. 

2_  The  procedure  for  the  recall  of  stored  display  scenes  should  be 
similar  to  that  listed  below: 

<3  Press  the  RECALL  HISTORY  pushbutton.  A  list  of  the  currently 
stored  scene  descriptions  for  that  console  is  displayed.  (If  the  con¬ 
sole  operator  wants  a  listing  of  another  console's  stored  scenes,  he 
types  that  console's  prefix.) 

b^  Point  to  the  scene  description  desired.  The  selected  scene  must 
appear  within  15  seconds.  Deletion  of  scenes  in  the  list  should  only 
require  pressing  the  DELETE  pushbutton  and  pointing  to  the  appropriate 
description. 

c  Return  to  the  display  shown  prior  to  history  recall  is  accom¬ 
plished  by  repushing  the  on-off  RECALL  HISTORY  pushbutton. 

(k)  Data  item  transfer  to  and  from  TOS. 

Each  console  must  have  the  ability  to  send  data  items  to,  and 
receive  data  items  from,  TOS.  Update  of  the  TOS  data  base  should  only 
require  that  the  operator  press  the  TOS  DATA  pushbutton  and  point  to  the 
data  item(s)  to  be  sent.  The  data  items,  along  with  their  associated 
free  text,  are  sent  to  TOS  when  the  TOS  SEND  pushbutton  is  pressed. 

2_  TOS  data  is  either  received  as  a  result  of  a  standing  request 
for  information  (SRI)  or  a  query  from  a  particular  console.  The  SRI  or 
query  establishes  the  console  data  category  or  categories  that  incoming 
data  items  are  assigned  to.  When  a  data  item  is  received,  it  is  auto¬ 
matically  displayed  and  highlighted  if  it  is  in  the  area  of  map  coverage 
displayed.  It  is  displayed  and  highlighted  regardless  of  the  currently 
sele;ted  categories.  The  item  continues  to  be  highlighted  until  the 
operator  points  to  it  and  presses  an  ACCEDT,  SAVE,  or  REJECT  pushbutton 
to  indicate  that  he  sees  the  item.  The  ACCEPT  pushbutton  adds  the  data 
item  to  the  designated  display  categories.  The  SAVE  pushbutton  adds  the 
item  to  a  special  TOS  save  category.  Data  items  in  the  TOS  save  cate- 
goi y  can  be  transferred  to  display  categories  at  any  time.  The  REJECT 
pushbutton  deletes  the  item.  Blinking  is  an  acceptable  means  for  auto¬ 
matic  highlighting  although  any  other  means  that  is  equally  as  attention 
getting  is  acceptable.  If  a  data  item  received  from  TOS  is  not  in  the 
currently  displayed  area  of  map  coverage,  it  appears  and  is  highlighted 
the  first  time  the  operato-  selects  an  area  of  coverage  that  includes 
the  item's  location.  Military  unit  symbols  that  have  branch  duty  symbols 
that  are  not  contained  in  the  permanent  symbol  generator  must  appear 
with  the  first  four  letters  of  the  branch  duty  inside  the  rectangle. 
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3_  When  a  TOS  data  item  is  as  update  to  data  already  in  the  system, 
pressing  the  ACCEPT  pushbutton  causes  automatic  replacement  of  the 
previous  information.  An  example  is  the  automatic  update  of  a  partic¬ 
ular  unit's  location  or  the  relocation  of  a  particular  boundary. 

(l)  Display  transfer  between  consoles.  The  transfer  of  entire 
displays  from  one  console  to  another  must  be  provided  for.  This  can  be 
between  consoles  within  an  automated  display  system  or  between  a  console 
in  one  system  and  a  console  located  in  another  system  at  another  echelon. 
The  transfer  will  generally  be  in  answer  to  a  verbal  request  for  specific 
information.  The  procedure  should  only  require  that  the  operator  obtain 
the  desired  display  in  the  normal  manner,  press  a  SEND  DISPLAY  push¬ 
button,  and  type  an  identification  for  the  console  which  is  to  receive 
the  display. 

(m)  Alphanumeric  data  associated  with  a  displayed  data  item. 

I  Data  items  in  tactical  situation  displays  have  associated  data 
wh i ch~norma 1 1 y  is  not  displayed  with  the  symbol  tha‘‘  represents  the 
item.  This  data  is  alphanumeric  in  nafure.  Examples  of  this  type  of 
data  include  the  UTM  grid  coord inate(s)  of  the  data  item  and  free  text 
remarks  which  elaborate  on  the  data  item. 

2_  Frequently,  the  viewer  of  a  tactical  situation  display  wants 
more  specific  information  on  a  displayed  data  item.  He  may  also  wish  to 
provide  his  own  comments  to  further  clarify  the  display  of  the  item.  A 
procedure  currently  used  in  TOC's  is  to  code  significant  data  items  with 
a  number  or  letter.  The  numbers  or  letters  are  listed  with  the  appro¬ 
bate  clarifying  data  on  the  side  of  the  display. 

3  An  automated  display  system  must  have  the  ability  to  provide 
additional  data  on  any  display  data  item  upon  user  request.  It  must 
also  provide  the  user  with  the  ability  to  add  his  own  free  text  remarks. 

4  To  obtain  additional  data  on  a  displayed  data  item  or  to  add  a 
comment  on  the  item,  a  procedure  similar  to  that  listed  below  should  be 
used: 


a  Press  the  EXTRA  DATA  pushbutton  on  the  console. 

lb  Point  to  the  desired  data  item.  This  causes  the  display  of  a 
three-part  format.  The  display  of  this  format  must  not  replace  the 
graphic  display.  The  format  can  be  displayed  on  the  same  screen  with 
the  graphic  display  or  on  a  separate,  but  nearby,  alphanumeric  display 
screen. 
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(J_)  The  first  part  of  the  format  is  automatically  completed  by  the 
system  and  includes,  as  a  minimum,  the  grid  coord inate(s)  of  the  data 
item.  Other  data  which  can  be  included  in  this  part  of  the  format  are 
the  date  time  group,  the  originator,  and  the  reliability  of  the  data. 

(2)  The  second  part  of  the  format  is  provided  for  the  entry  of 
optional  free  text  remarks  by  the  originator  of  the  data  item.  If  the 
data  item  is  transmitted  from  an  outside  source  such  as  TOS,  the  send¬ 
er's  remarks  (if  any)  are  entered  here.  If  the  aata  item  is  originated 
by  the  display  system  user,  his  remarks  (if  any)  are  entered  here. 

(3)  The  third  part  of  the  format  is  provided  for  optional  free 
text  remarks  by  the  recipient  of  the  daTa  item.  A  data  item  transmitted 
from  an  outside  source  has  this  part  of  the  format  for  the  display 
system  user's  comments  (if  any). 

c  Type  free  text  comments  (if  any)  in  the  second  part  (originator) 
or  third  part  (recipient)  of  the  format. 

d_  Press  the  EXTRA  DATA  pushbutton.  This  turns  the  pushbutton 
light  off  and  deletes  the  extra  data  format  from  the  display. 

(n)  Mi  see  I laneous  controls.  A  number  of  control  switches  or  knob:, 
are  required  on  the  interactive  graphic  display  console.  Many  of  the 
cont“ols  directly  affect  the  viewability  of  the  display  and  have  been 
alluded  to  in  previous  sections.  The  controls  must  be  on  the  console. 
The  console  operator  should  nor  have  to  leave  his  position  in  order  to 
reach  them. 

The  controls  listed  below  must  be  included  on  the  console: 

a^  Dynamic  symbology  brightness  control  knob.  Turning  the  knob  one 
way  or  the  other  increases  or  decreases  the  ovqa/iZJL  brightness  of  dis¬ 
played  dynamic  symbology  within  the  range  from  maximum  brightness  to  the 
dynamic  symbology  being  completely  faded  from  the  screen. 

b_  Map  background  brightness  control  knob.  Turning  the  knob  one 
way  or  the  other  increases  or  decreases  the  ovejwJUL  brightness  of  the 
displayed  map  background.  The  brightness  is  controllable  from  maximum 
br'qhtness  to  the  map  background  being  completely  f3ded  from  the  screen. 

c  Restart-reset  pushbutton.  This  pushbutton  is  used  when  operator 
o-  system  error  causes  the  processor  to  halt.  Pressing  the  pushbutton 
causes  a  reload  of  the  display  program  if  necessary  and/or  resetting  of 
the  program  parameters  to  what  they  were  before  the  halt.  The  system 
must  be  operational  within  15  seconds  after  this  pushbutton  is  pressed. 
However,  return  to  full  operational  status  within  2  or  3  seconds  is 
highly  desirable. 


2_  The  controls  listed  below  should  be  included  on  the  console: 

Color  brightness  control  knob(s).  One  knob  is  provided  for  each 
color  of  dynamic  symbology.  The  knob  has  the  same  function  and  range  as 
the  dynamic  symbology  brightness  control  knob  except  that  it  controls 
the  brightness  of  an  individual  color. 

b  Map  feature  brightness  control  knob(s).  These  controls  are 
necessary  if  the  ideal  map  background  display  is  practical.  One  knob  is 
required  for  each  color  used  to  identify  a  specific  map  feature  (e.g., 
roaus,  vegetation,  rivers).  The  function  and  range  of  the  knob  is  the 
same  as  the  map  background  brightness  control  knob  except  tha'-  it  controls 
the  brightness  of  an  individual  map  feature  color. 

c  Symbol  size  control  knob.  Turning  the  knob  one  way  or  the  other 
varies  (within  a  specified  range)  the  size  of  a1 I  data  items  excepf 
line-type  graphic  items,  circles,  and  ellipses.  When  the  control  is 
used,  all  parts  of  the  data  items  (e.g.,  the  rectangle,  the  branch  duty 
symbol,  the  left  identification,  the  right  identification,  and  the 
echelon)  are  either  enlarged  or  reduced  proportionally.  Changing  the 
size  of  the  symbols  must  not  change  their  apparent  map  locations. 

3  Other  controls  may  be  required,  depending  upon  the  display 
technique  used.  For  example,  individual  dynamic  symbology  and  map 
background  focus  knobs  may  be  necessary. 

(o)  Error  notification. 

The  display  system  must  notify  the  interactive  graphic  display 
console  operator  when  he  performs  a  step  in  a  procedure  incorrectly. 

The  notification  means  must  be  positively  atten+ion  getting,  must  be 
rap'd,  and  must  specify  exactly  what  was  done  wrong.  An  audio  alert 
such  as  a  bell  or  buzzer  should  sound  whenever  an  error  occurs.  Incor¬ 
rect  attempts  to  recover  from  the  error  cause  additional  audio  alerts. 

An  audio  alert  is  preferable  to  a  visual  alert  because  it  precludes  the 
possibility  of  the  operator  not  detecting  the  error  if  he  is  looking 
away  from  whe<*e  the  visual  alert  is  located.  Coincident  with  the  audio 
alert,  an  error  message  should  be  displayed  at  some  standard  location. 

The  error  message  display  must  not  delete  the  current  situation  display. 
The  error  message  continues  to  be  displayed  until  the  operator  performs 
the  correct  step  in  the  procedure  or  until  he  presses  the  ABORT  push¬ 
button  at  which  time  the  error  message  is  deleted  and  the  display  returns 
to  the  state  it  was  in  before  the  series  of  commands  W3S  initiated. 

2  The  error  message  mu..t  tell  the  operator  exactly  what  he  did 
wrong.  The  use  of  error  codes  which  require  the  operator  to  look  up  the 
code  to  determine  the  error  is  not  user  oriented  and  is  not  acceptable. 
Ideally,  the  error  message  should  sta+e  what  step  of  the  procedure 
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was  performed  incorrectly.  For  example,  using  the  procedure  outlined 
for  the  creation  of  military  symbols,  an  error  message  might  read: 

"Last  pushbutton  depressed  was  not  branch  duty." 

(3)  Group  display  output  device. 

(a)  The  group  display  device  is  operated  from  an  interactive 
graphic  display  console.  Before  a  display  can  be  shown  on  the  device  it 
must  be  displayed  on  the  console.  It  Is  then  transferred  to  the  group 
display  by  pressing  the  GROUP  DISPLAY  pushbutton  on  the  console.  This 
action  causes  both  the  map  background  and  the  selected  dynamic  symbology 
to  be  displayed  on  the  large  screen.  Once  the  transfer  is  Initiated, 
the  display  must  appear  on  the  large  screen  within  15  secon.s.  The 
capab'li+y  to  have  the  display  appear  within  5  seconds  is  highly  desir¬ 
able.  Fifteen  seconds  is  the  maximum  time  that  a  user  can  be  expected 
to  wait  without  inconvenience  for  a  display  to  appear  on  the  device, 

(b)  A  number  of  control  switches  or  knobs  are  required  on  the 

group  display  output  device.  These  controls  are  required  to  improve  the 
viewability  of  the  displayed  situation.  The  controls  must  be  located 
near  the  face  of  the  screen,  for  easy  access  to  a  briefer  or 
individual  performing  viewability  adjustments  to  suit  the  au  '  .  The 

controls  which  should  be  provided  with  the  group  dlspla/  outu  ■  device 
are  shown  below.  Each  control  has  the  same  function  (and  range)  as  that 
described  for  the  interactive  graphic  display  console.  Other  controls 
may  be  requiced  depend inq  upon  the  display  technique. 

1  Symbol  size  control  knob. 

2  Dynamic  symbology  brightness  control  knob. 

3  Map  background  bright  >:,s  control  knob. 

4  Color  brightness  control  knoh(s). 

5  Map  fea+ure  brightness  control  knoh(s). 

(4.1  Map  overlay  input  device. 

'c)  The  map  overlay  input  device  wilt  be  used  fo  input  two  types 
of  fre.ehana  graphic  data:  overlay  data  and  map  features.  All  data 
item',  are  input  as  a  series  of  points.  These  poi.,ts  will  be  automatic¬ 
ally  connected  by  line  segments.  Use  of  the  device  requires  an  Inter¬ 
active  graphic  display  console  for  monitoring  the  input.  The  procedure 
should  be  similar  that  listed  below: 

1  On  the  conso1*,  select  the  desired  area  of  coverage  For  monitor¬ 
ing  the  input.  (Tnis  should  not  have  to  be  the  exact  area  registered  on 
the  input  device.) 


2_  Press  the  OVERLAY  OEVICE  pushbutton  on  the  console.  This  activ¬ 
ates  the  map  overlay  input  device. 

3  Press  the  desired  graphic  dala  line-type,  the  desired  data 
category,  and  the  desired  color  pushbuttons  on  the  console.  All  points 
input  from  the  overlay  device  are  displayed  and  connected  by  the  selected 
graphic  line-type  in  the  selected  color.  The  line-type,  the  data  cate¬ 
gory,  'nd  Ihe  color  can  be  changed  at  any  time  by  pressing  the  appro¬ 
priate  line-type,  category,  and  color  pushbuttons. 

4  If  the  map  on  the  input  device  is  not  registered,  type  ;n  the 
grid  coordinates  of  two  diagonally  located  grid  intersections  and  point 
to  these  points  on  the  map.  This  step  should  not  have  to  be  performed 
again  unless  the  map  is  moved  or  a  new  map  is  positioned  on  the  device. 

5  For  each  data  item  to  be  input,  press  the  CREATE  ITEM  pushbutton 
on  the  input  device. 

b  Input  the  desired  data  item  by  pointing  to  the  series  of  points 
definTng  the  data  item  on  the  overlay.  As  each  succeeding  point  is 
selected,  the  resulting  cumulative  line  segment  should  appear  on  the 
console.  If  the  operator  is  not  satisfied  with  the  last  few  line  seg¬ 
ments,  he  should  be  able  to  delete  them  by  pressing  the  BACKTRACK  push¬ 
button.  If  the  operator  is  not  satisfied  with  the  entire  item,  he 
should  have  tne  option  of  starting  again  by  pressing  the  CREATE  ITEM 
pushbutton  again. 

7_  Press  the  COMPLETE  pushbutton. 

8  Input  additional  items  by  repeating  5,  6,  and  1_  above. 

9  After  aii  entries  have  been  made,  the  device  is  turned  off  by 

deactivating  the  OVERLAY  DEVICE  pushbutton  on  the  console. 

(b)  The  procedure  outlined  above  can  also  be  used  for  the  inpul  of 
freehand  graphic  data  directly  from  a  map.  As  far  as  the  device  is  con- 
arned,  it  is  immaterial  whether  +he  data  input  is  from  an  overlay  or 

directly  from  the  map  as  long  as  the  user  specifies  the  category  under 

which  each  data  it<.-m  is  to  be  displayed.  Thus,  the  device  can  be  used 
to  add  additional  detail  to  a  displayed  map  background;  for  example, 
outlining  of  a  hill  mass  or  showing  an  intermittent  stream  which,  because 
of  recent  wet  weather,  has  become  a  significant  obstacle  to  movement  by 
foot  and  vehicle. 


(c)  The  map  overlay  input  device  can  also  be  used  for 
distances  on  a  map.  Distance  measurement  is  commonplace  in 
and  operations  (e.g.,  road  movement  planning).  This  device 


measuring 
TOC  plannino 
is  a  "natural" 
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for  distance  measurement,  since  very  little  effort  is  required  to  provide 
this  capability.  The  measured  distances  must  be  within  5  percent  of  the 
actual  distance.  The  procedure  should  be  similar  to  that  listed  below: 

J_  Press  the  OVERLAY  DEVICE  pushbutton  on  the  console. 

2  If  the  map  on  the  input  device  is  not  registered,  type  in  the 
coordinates  of  two  diagonally  located  grid  intersections  and  point  to 
these  points. 

3  Pres 5  the  DISTANCE  MEASUREMENT  pushbutton. 

4  Measure  the  desired  cumulative  distance  on  the  map  by  pointing 
to  the  start  point,  succeeding  points  of  inflection,  and  the  end  point. 

Press  the  COMPLETE  pushbutton.  This  causes  the  distance  measured 
to  appear  in  meters  on  the  console  screen. 

6  Measure  additional  distances  by  repeating  £  and  £  above. 

1_  Turn  off  the  device  by  deactivating  the  OVERLAY  DEVICE  push¬ 
button.  The  map  overlay  input  device  provides  an  effective  means  of 
inputting  and  displaying  map  features  of  particular  interest  to  a  user. 
The  device  in  effect  permits  the  input  of  map  features  which,  when 
displayed  singly  or  in  combination,  allows  the  user  to  tailor  the  map 
background  to  the  situation.  This  means  of  inputting  map  features  to 
the  system  has  the  potential  for  meeting  the  requirements  for  random 
selection  of  map  background  area  of  coverage  and  level  of  terrain  detail. 
Thus,  it  approaches  the  ideal  solution  to  the  map  background  problem. 

(5)  Map  overlay  output  device. 

(a)  The  procedure  for  producing  hard  copy  on  this  device  is  similar 
to  that  used  for  outputting  a  scene  to  the  group  display  device.  Ths 
scene  must  first  be  displayed  on  an  interactive  graphic  display  console. 
The  PRODUCE  OVERLAY  pushbutton  on  the  console  Is  then  pressed.  After 
typing  the  desired  number  of  copies,  the  console  should  be  free  to 
return  to  other  display  functions.  The  time  to  produce  one  copy  must 

not  exceed  5  minute^.  However,  a  time  of  I  to  2  minutes  per  copy  Is 
extremely  desirable 

(b)  The  map  overlay  output  device  should  be  capable  of  remote 
operation.  This  allow  the  transmission  of  overlays  to  lower  echelons 
which  may  not  have  an  automated  display  system.  This  device  may  require 
a  small  memory  unit  or  r-iffer  to  preclude  tying  up  communication  lines. 

(c)  The  overlay  reproducer  can  be  used  to  aid  CONOPS.  Periodic 
outputs  of  important  displays  could  be  used  whenever  the  system  is  not 
fully  operational  because  of  system  failures  or  TOC  displacement. 
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(6)  Printer. 

(a)  The  line  printer  produces  alphanumeric  hard  copy.  The  alpha¬ 
numeric  data  Is  either  received  from  outside  the  system  (e.g.,  a  trans¬ 
mission  from  TOS)  or  output  from  the  system's  data  base.  The  hard  copy 
is  used  for  historical  purposes  (log),  for  more  detailed  analysis  within 
the  TOC,  for  dissemination  to  units  or  sections  having  no  access  to  an 
automated  display  system,  or  as  an  alternative  to  displaying  the  alpha¬ 
numeric  data.  It  can  also  be  ’jsed  to  aid  in  CONOPS  by  providing  a 
record  copy.  Examples  of  hard  copy  which  could  be  output  by  the  printer 
include: 

OPORD  INTSUM  S1TREP 

TASK  ORGANIZATION  CHALLENGE/PASSWORD  WEATHER  DATA 

TABULAR  (CHART'  DATA  .  FREE  TEXT  MESSAGES  FORMATTED  MESSAGES 

(b)  None  of  the  above  require  hard  copy  size  larger  than  the 
8- inch  by  10  1/2- inch  size  used  In  the  manual  system.  The  printer 
should  provide  hard  copy  in  the  size  normally  used  In  the  manual  system. 
This  will  allow  the  hard  copy  to  be  reproduced  on  available  reproducing 
equipment  (e.g.,  xerox,  thermofax). 

(c)  The  print  area  must  be  visible  to  the  user.  This  precludes 
the  possibility  of  output  r,ot  being  noticed  by  Ihe  user  or  his  having  to 
advance  the  page  to  read  newly  received  data. 

(d)  Print  speed  should  be  such  that  a  full  page  of  output  with 
single-spaced  lines  can  be  obtained  within  30  seconds.  Thirty  seconds 
is  well  within  the  capability  of  available  medium-speed  printers. 

(e)  Receipt  of  data  from  an  outside  ADP  source  must  be  automatic. 
When  the  printer  is  activated,  an  audible  alert  (adjustable  by  the  oper¬ 
ator  down  to  zero  volume)  must  indicate  to  the  operator  that  output  is 
being  printed. 

(f)  Output  of  alphanumeric  data  from  the  system's  data  base 
should  only  require  the  display  of  the  desired  categories  and  pressing 
of  the  PRINTER  pushbutton.  The  pushbutton  should  remain  lit  until  the 
output  is  produced;  then  it  should  automatically  turn  off. 

(g)  The  procedure  for  initiating  printer  copy  from  the  interactive 
graphic  display  console  is  not  intended  to  restrict  initiation  of  printer 
copy  to  the  interactive  graphic  display  console  alone.  Certain  types  of 
alphanumeric  data  may  be  better  displayed  on  the  alphanumeric  display 
console  and  then  output  to  the  printer  by  means  of  a  pushbutton  on  the 
alphanumeric  display  console. 
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(h)  Transmission  of  alphanumeric  data  from  one  display  system  to 
another  display  system's  printer  should  be  possible  through  the  inter¬ 
active  graphic  display  console.  The  procedure  should  only  involve  dis¬ 
playing  the  appropriate  categories,  pressing  a  SEND  ALPHANUMERIC  push¬ 
button,  and  typing  the  prefix  of  the  printer  where  output*  is  desired. 

(7)  Alphanumeric  display  console. 

(a)  The  alphanumeric  display  console  Is  the  primary  device  used 
for  the  input,  display,  manipulation,  and  transmission  of  alphanumeric 
data.  Some  of  the  functions  the  device  should  be  able  to  perform  are 
listed  below: 

J_  Display  of  message  formats  which  are  used  for  data  input  into 
the  system,  data  input  to  TOS,  and  query  of  the  TOS  data  base. 

2_  Display  of  alphanumeric  data,  to  include  tabular  data,  contained 
in  the  system's  data  base. 

_5  Manipulation  and  update  of  displayed  alphanumeric  data. 

£  Composition  and  display  of  free  text  data. 

5  Transmission  of  formatted  data  to  TOS. 

£  Transmission  of  formatted  and  tree  text  data  to  another  display 
system's  alphanumeric  display  console,  interactive  graphic  display 
console,  or  line  printer. 

7  Transmission  of  displayed  alphanumeric  data  to  an  interactive 
graohic  display  console  of  the  display  system. 

8  Output  of  displayed  alphanumeric  data  on  the  system's  line 
pri nter. 

(b)  The  procedures  implemented  to  accomplish  the  functions  listed 
above  must  provide  for  maximum  ease  of  use.  The  procedures  recommended 
for  the  interactive  graphic  display  console  should  be  referred  to  for 
the  degree  of  simplicity  and  user  convenience  that  is  desired. 

(c)  Certain  design  features  should  be  i ncorporatec.  to  facilitate 
operator  use  of  the  device.  Examples  of  these  design  features  are 

I isted  below: 

£  Instantaneous  visual  feedback  when  a  character  is  being  typed  or 
a  manipulation  is  being  performed  so  the  operator  can  immediately  see 
the  result  of  his  action. 


2  A  brightness  control  with  which  the  operator  can  adjust  the 
display  brightness  to  the  ambient  light  environment. 

3  A  standard  (typewriter)  keyboard  layout  for  convenient  entry  of 
ASCII  characters. 

£  A  control  to  shift  left,  right,  up,  or  down. 

£  ?4argin  and  tab  controls  to  assist  in  formatting  data  as  well  as 
completing  blank  formats. 

6  A  marker  symbol  to  assist  in  positioning  data  by  indicating 
where  the  next  character  will  appear. 

f.  Reliability,  availability,  and  maintainability. 

( 1 )  Genera i . 

(a)  An  automated  display  system  is  required  to  operate  in  a  field 
environment,  under  all  weather  conditions.  It  must  perform  the  display 
functions  associated  with  mission  accomplishment  for  command  and  staff 
personnel  in  a  tactical  operations  center.  Key  components  of  the  system 
are  required  to  operate  continuously  (24  hours  per  day,  7  days  per  week) 
for  varying  periods.  The  system  moves  whenever  the  tactical  situation 
dictates  that  the  TOC  must  displace. 

(b)  The  display  functions  of  an  automated  display  system  involve 
the  input,  processing,  manipulation,  storage,  retrieval,  display,  or 
output  of  data  contained  in  TOC  working  files  such  as  the  current 
friendly  and  enemy  situation  files.  The  inability  to  perform  one  or 
more  of  the  above  functions  even  for  short  periods  (e.g.,  10  to  20 
minutes)  degrades  system  performance,  can  affect  mission  accomplishment, 
and  is  undesirable.  Therefore,  to  perform  satisfactorily  in  a  TOC,  the 
system  must  meet  high  standards  of  reliability,  availability,  and  main¬ 
tainability.  The  equipment  must  be  rugged,  compact,  lightweight,  and 
must  not  degrade  mobility  of  the  TOC.  The  operational  availability  of 
the  system  should  approach  100  percent.  This  should  take  into  account 
both  hardware  and  software  caused  failures. 

(c)  The  following  subparagraphs  discuss  from  a  user  viewpoint  the 
reliability,  availability,  and  maintainability  requirements  for  compon¬ 
ents  of  an  automated  display  system.  The  requirements  are  based  on 
observations  made  during  the  experimentation  and  provide  a  point  of 
departure  for  refinement. 

(2)  Display  processor. 


L J 

(a)  The  display  processor  controls  •‘■he  operation  of  an  automated 
display  system.  The  system  components  which  it  controls  become  inoper¬ 
able  whenever  the  processor  fails.  Consequently,  the  processor's 
reliability,  availability,  and  maintainability  requirements  are  the  most 
stringent.  Unlike  any  other  component  of  the  system,  the  processor  is 
required  to  operate  on  a  24-hour-per-day  basis  for  long  oeriods. 

(b)  Preverttatlve  maintenance  actions  are  normally  scheduled  during 
periods  of  expected  decreased  activity  in  the  TOC.  However,  If  it  Is 
necessary  to  return  to  full  operation  when  preventative  maintenance  is 
being  performed,  it  must  be  possible  to  complete  or  terminate  the  preven¬ 
tative  maintenance  so  that  full  operation  is  restored  within  15  minutes. 

The  processor  must  be  designed  in  such  a  manner  that  any  unscheduled 
maintenance  action  takes  no  longer  than  15  minutes.  This  time  is  from 
the  moment  it  is  first  sensed  that  the  system  is  down  until  the  system 

is  again  operational.  The  time  includes  fault  detection.  Isolation,  and 
correction  as  well  as  administrative  and  supply  delays.  Any  time  longer 
than  15  minutes  could  severely  hamper  continuity  of  operations  and  could 
force  the  user  to  revert  to  some  other  method  of  operation  to  replace 
functions  performed  by  the  system. 

(c)  The  time  to  perform  unscheduled  maintenance  must  not  only  be  a 
minimum,  but  the  number  of  unscheduled  maintenance  actions  occurring  in 
a  given  period  must  be  as  few  as  possible. 

(3)  Interactive  graphic  display  console.  The  console  Is  the 
primary  device  used  to  interact  with  the  computer  and  its  data  base.  If 
there  are  several  consoles  located  within  a  TOC,  the  failure  of  one 
console,  although  detrimental  to  the  console  user,  would  not  result  in 
total  system  failure.  For  this  reason,  the  re  I? ability  and  maintain¬ 
ability  requiremen+s  for  the  console  are  not  as  critical  as  those  for  the 
display  processor.  However,  the  reliability  and  maintainability  of  the 
consoles  should  be  such  that  principal  users  (i.e.,  G2,  G3)  of  the 
system  are  not  deprived  access  to  a  console  for  more  than  15  minutes. 

(4)  Group  display  output  device.  The  group  display  is  used  prima¬ 
rily  for  briefings  and  group  viewing.  Sinc9  it  is  not  interactive  and 
is  oniy  used  as  an  output  device,  its  reliability  and  maintainability 
requirements  are  not  nearly  as  critical  as  those  of  the  display  proces¬ 
sor  or  consofes.  However,  to  be  useful  and  considered  an  asset  by  the 
user,  its  reliability  and  maintainability  must  be  high.  Failures  while 
briefing  the  commander  should  happen  i n f requent I y .  Downtimes  longer 
than  5  minutes  have  no  real  limit,  although  fhey  should  be  reasonable 
(i.e.,  not  more  than  several  hours).  This  downtime  requirement  stems 
from  the  reality  that  the  commander,  after  waiting  5  minutes,  will  most 
likely  continue  the  briefing  from  u  console  rather  than  wait  for  the 
group  display  to  return  to  operation.  When  the  group  display  is  not 
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actually  being  used  for  a  briefing  but  is  being  used  to  display  a  situ¬ 
ation  of  interest  to  a  number  of  people  in  the  TOC  (e.g.,  the  current 
enemy  and  friendly  situation),  the  temporary  failure  of  the  group  dis¬ 
play  can  be  tolerated  because  the  situation  shown  on  the  group  display 
can  be  seen  on  a  console. 

(5)  Map  overlay  input  device.  Lie  of  the  map  overlay  input  device 
is  not  expected  to  be  continuous;  but  when  the  device  is  required,  i+s 
availability  and  reliability  must  be  high.  Maintainability  of  the 
device  should  be  such  that  any  unscheduled  maintenance  action  does  not 
exceed  30  minutes.  This  is  the  maximum  time  that  a  user  can  reasonably 
be  expected  to  waif  if  he  has  map  or  overlay  data  which  he  needs  to 
input  to  the  system. 

(5)  Map  overlay  output  device.  Like  the  map  overlay  input  device, 
this  device  will  not  be  in  continuous  use.  However,  it  must  have  high 
operational  availability  and  reliability.  Maintainability  requirements 
are  the  same  as  those  for  the  map  overlay  input  device;  that  is,  any 
unscheduled  maintenance  action  should  not  exceed  30  minutes. 

(7)  Printer.  The  printer  is  normally  on  continuously,  even  though 
it  provides  output  at  unspecified  intervals.  The  two  primary  uses  of 
the  printer  are  the  "logging"  of  messages  from  ADP  sources  outside  the 
automated  display  system  and  the  output  of  alphanumeric  data  contained 
in  the  system's  data  base.  Therefore,  the  operational  availability  and 
the  reliability  of  the  printer  must  be  high.  Maintainability  should  be 
such  that  any  unscheduled  maintenance  action  does  not  exceed  30  minutes. 

(8)  Alphanumeric  display  console.  If  there  are  several  alpha¬ 
numeric  display  consoles  located  within  a  TOC,  the  failure  of  one  con¬ 
sole,  although  detrimental  to  the  console  user,  would  not  result  in 
total  system  failure.  The  reliability  and  maintainability  of  the  con¬ 
sole  should  be  such  thar  the  principal  users  (i.e.,  G2,  G3)  of  the 
system  are  not  deprived  access  ro  a  console  for  more  than  15  minutes. 


2-5 .  TOS  Materiel  Need  Group  Display  Device  (GDP?  and  Analysis  Console 
(AC)  Characteristics. 

a.  Genera!. 

(I)  This  paragraph  orovides  comments  on  the  stated  character ist ic? 
for  automated  displays  as  listed  in  the  DA  approved  MN  for  TOS  document 
dated  November  ! 972 :  "DA  Approved  Materiel  Need  for  the  Tactical  Oper¬ 
ations  System  (U);  (MN  for  TOS  (U)>;  Basic  Document  United  States  Army 
Combat  Developments  Command  intelligence  and  Control  Systems  Group;  ACN: 
15675;  dated  November  1972." 


(2)  The  TOS  MN  specifies  two  components  that  will  be  used  to  dis¬ 
play  data:  the  group  display  device  (GDD)  and  the  analysis  console 
(AC).  The  characteristics  and  associated  rationale  for  these  two  compon¬ 
ents  are  reprinted  here  directly  from  section  VI  of  the  MN  for  TOS  as  an 
aid  to  the  reader.  Each  characteristic  and  its  associated  rationale  Is 
followed  by  a  comment.  The  comments  are  provided  in  the  light  of  FMII6 
experience  an a  the  experimentation  findings  relating  to  automated  dis¬ 
play  systems  in  general.  To  obtain  the  full  significance  of  the  com- 
menrs,  it  is  essential  that  the  reader  read  paragraphs  2-3  and  2-4  of 
this  section. 

b.  Group  display  device. 

(i)  Quote  arid  comment. 

(a)  Quote. 

"(5)  Group  Display  Device.  The  GDD  is  the  automated 

output  of  TOS  that  portrays  friendly  and  enemy  units, 

locations,  boundaries,  zones,  or  areas  on  a  tactical 

map  background.  The  device  is  used  in  the  same  manner 

as  is  the  current  operations  and  planning  displays: 

for  the  conduct  of  current  operations,  to  assist  in 

coordination,  as  a  means  of  conveying  plans  and  orders, 

and  to  facilitate  planned  and  future  operations.  The  j 

GDD  must  be  capable  of  displaying  automated  symbology 

driven  from  the  computer  or  inserted  by  the  operator. 

Provisions  must  be  made  for  refreshing  the  data  when 
received;  the  device  must  also  be  capable  of  portraying 
the  situation  on  operator  demand — showing  units,  loca¬ 
tions,  or  maneuver  traces  applicable  In  the  queried  time 
period.  The  operator  must  also  be  capable  of  portray¬ 
ing  or  excluding  any  type  of  detail  he  selects,  e.g., 
portray  only  armor  units,  infantry  units  of  company 
size  or  larger,  artillery  units  within  a  specified 
range  of  a  selected  ground  point,  etc.  To  provide  for 
continuity  of  operation  in  the  event  of  failure  of  the 
display  or  its  associated  equipment,  provisions  should 
be  included  to  provide  hardcopy  output  ot  the  last 
situation  presented  orior  to  failure.  Optimally,  the 
hardcopy  output  should  be  such  as  to  permit  manually 
updating  on  the  face  thereof.  The  group  display  device 
shall  have  the  following  characteristics:” 

(b)  Comment.  The  GDD  is  used  primarily  for  briefings  and  group 
viewing.  Therefore,  there  is  no  requirement  for  direct  interaction  with 

the  display.  Scenes  shown  on  the  display  are  created  in  advance  on  an  ,nter- 
active  graphic  display  console  and  transferred  to  the  GDD  when  required. 
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Scenes  transferred  to  the  GDO  can  be  recalled  from  storage  (e.q.,  tape, 
disk)  or  can  be  transferred  from  a  current  console  display.  Control  of 
the  GOD  is  accomplished  through  an  interactive  graphic  display  console. 
The  overlay  reproducer  requirement  should  not  be  associated  with  the  GDO 
requirement.  The  overlay  reproducer  should  be  a  separate  item  of  equip¬ 
ment,  and  its  requirements  should  be  stated  separately. 

(2)  Quote  and  Comment. 


( a )  Quote . 

'‘(a)  Display  Unit.  The  group  display  unit  shall  haver 


J_.  Capability  to  display  alphanumeric,  symbolic,  and 
graphic  in-formation  from  a  digital  data  source  onto 
standard  (1*50,000;  1:100,000;  1:250,000;  1:1,000,000 
scale)  US  Army  map  representation  or  tneir  projections. 
The  device  will  also  accommodate  other  maps,  mosaics,  or 
photographs  (or  their  representations)  and  will  accept 
nonstandard,  shrunken,  or  stretched  scales.  It  will 
be  capable  of  displaying  individual  sheets  or  arrays  of 
contiguous  maps  on  which  symbols  are  superimposed  by 
signaling  from  the  supported  system’s  computer. 


RATIONALE:  Maps,  mosaics  and  photographs  provide  #ser 
with  flexibility  of  backgrounds  required  to  provide 
complete  and  rapid  analysis  of  the  tactical  situation. 
The  map  si2es  are  the  most  common  presently  weed  sizes. 
Arrays  of  contiguous  maps  will  reduce  map  switching 
when  the  tactical  situation  is  near  the  edge  of  a  map 
sheet ." 


(b)  Comnent.  The  GDD  map  requirement  is  identical  to  the  inter¬ 
active  graphic  display  console  map  requirement,  «See  comment  c  i.  )(b! 
below.)  Any  display  on  the  console  should  be  transferable  to  the  large 
screen  and  should  appear  as  an  enlarged  cooy  of  the  console  ei  splay. 

(3)  Quote  and  commenT. 

(a)  Quote. 

”2.  Capapilitv  of  dispiayma  from  2®}  (minimum.)  to 
300  (maximum)  different  symbols  at  operator  discretion 
in  near  real-time  on  a  4  x  4  foot  (minimum)  to  a 
6x6  fooT  (maximum)  area. 

RATIONAIt:  Two  hundred  symbols  i'  ttre  estimated  user 
will  have  displayed  tq  describe  the  tacticat  situation. 

Three  hundred  is  the  maximum  the  user  car  use  and  st|  |  | 
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"read"  the  screen.  FM's  2130  and  2131  contain  approx¬ 
imately  250  symbols;  the  inclusion  of  an  additional 
29  topographic  symbols  leave  a  margin  of  21  for  expan¬ 
sion  to  include  emerging  sensor  symbology.  The  4'  x  4’ 
size  is  for  readability  requirements  while  the  6*  x  6' 
size  reaches  the  maximum  acceptable  weight  for  transport 
requ i rements . " 

(b)  Comment.  The  symbol  capacity  requirement  is  identical  to  the 
interactive  graphic  display  console  symbol  capacity  requirement.  The 
number  200  to  300  is  unrealistic.  Most  division  tactical  displays  do 
not  contain  more  than  75  military  unit  symbols.  In  addition,  not  all 
symbols  in  FM  21-30  are  used  frequently  enough  to  justify  inclusion  in  a 
permanent  symbol  library.  Only  the  most  frequently  used  symbols  should 
be  in  the  I ibrary.  The  user  should  be  able  to  add  other  symbols  to 
this  library  when  required.  The  size  of  the  GDD  display  image  is  depen¬ 
dent  upon  the  expected  audience  size  and  screen  location  (van,  tent, 
etc.J.  For  most  division  briefings,  the  audience  size  is  not  expected 
to  exceed  20  people.  Rules  of  thumb  indicate  that  each  viewer  requires 
6  square  feet  of  area;  that  the  closest  viewer  be  no  closer  +o  the  GDD 
than  twice  the  width  of  the  screen;  and  the  farthest  viewer  be  no  farther 
from  the  GOD  than  five  times  the  width  of  the  screen.  The  larger  the 
screen,  the  larger  the  total  area  required  (i.e.,  total  area  =  viewing 
area  +  unused  area  in  front  of  the  screen). 

(-)  Quote  and  comment. 

• 

(a)  Quote. 

"3.  A  surface  whereby  symbols  can  be  seen  from  minimum 
dTsfance  of  <0  to  15  feet  in  any  lighting  environment 
ranging  from  total  uusence  of  external  light  to  direct 
sun  I i ght . 

RAT  I  UNni-E :  the  15*  hi;rv">um  is  the  estimated  maximum 
th^  user  can  be  from  the  screen  and  still  review  the 
tactical  situation.  The  ten  foot  limit  provides 
rejuuwi'ity  of  displayed  symbols." 

(b>  Comment.  The  requirement  for  viewing  in  direct  sunlight  is 
unrealistic.  Even  if  the  GDD  is  operated  outdoors,  a  means  of  shielding 
the  display  surface  is  acceptable.  Subparagraph  (3)(b)  above  discusses 
the  expected  audience  size  for  the  group  display  and  the  rules  of  thumb 
for  determining  viewinq  disfance.  Symbols  should  be  fully  legible  from 
tne  rmr/omu m  viewing  distance. 


(5)  Quore  and  comment. 


(a)  Quote. 

Capability  of  providing  a  hardcopy  (transparent) 
reproduction  via  the  overlay  reproducer. 

RATIONALE:  Provides  for  analysis  and  briefings  of 
the  tactical  situation  away  from  the  location  of 
the  GDD.  The  hardcopier  must  operate  in  the  same 
environment  as  the  GDD.  Overlays  must  be  able  to 
be  used  within  standard  size  maps  and  grease 
penci is." 

(b)  Comment.  This  characteristic  should  be  listed  with  the 
overlay  reproducer  characteristics  instead  of  those  for  the  GDD.  (See 
(28)(a)  below.) 

(6)  Quote  and  comment. 

(a)  Quote. 

"5.  Capability  of  displaying  graphical  situation  maps 
based  on  information  from  the  data  base  and  the  Display 
Control  Console.  Military  symbols  and  abbreviations 
should  be  displayed  in  accordance  with  FM  21-30, 

FM  21-21,  and  AR  320-50.  In  addition,  the  display 
will  provide  line  segments,  chords  and  conics. 

RATIONALE:  Provides  flexibility  and  accurate,  updated 
information  to  the  command'‘'r  in  symbols  and  abbrev¬ 
iations  familiar  to  him." 

(b)  Comment.  The  requirement  for  AR  320-50  is  unnecessary.  The 
TOS  data  element  dictionary  establishes  the  legal  words  to  be  trans¬ 
mitted  to  and  from  TCS.  These  legal  words  should  be  standard  for  all 
Army  ADP  systems.  FM  21-21  should  read:  FM  21-31.  The  "display  of 
line  segments,  chords  and  conics"  does  not  sufficiently  describe  the 
requirement  for  display  of  symbology.  See  paragraph  2-6  of  this  section 
for  the  recommended  symbols. 

(7)  Quote  and  comment. 

( a )  Quote . 

"6.  A  multicolor  projection  capability  including, 
aT  least  red,  green,  near-white  and  near-black. 

Blue  and  Brown  are  required  as  soon  as  the  state- 
of-the-art  permits. 

RATIONALE:  Enables  the  commander  to  assimilate  and 
analyze  the  tactical  situation  faster  and  easier. 

The  four  colors  is  the  minimum  needed  for  ease  of 
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distinction  and  analysis.  Six  is  the  maximum 
controllable  and  distinguishable  by  the  user." 

(b)  Comment.  Red,  green,  white,  black,  blue,  and  brown  are  the 
current  standard  military  map  colors.  Dynamic  symbology  shown  against 
the  standard  military  map  background  must  not  blend  with  the  map.  It 
should  be  highly  contrasting.  As  least  three  colors  for  dynamic  sym¬ 
bology  are  required  and  up  to  six  colors  are  desirable.  Further  inves¬ 
tigation  is  required  to  determine  the  best  colors. 

(8)  Quote  and  comment. 

(a)  Quote. 

"_7.  Capability  of  providing  visual  distinction  between 
friendly  and  enemy  locations,  and  depicting  specified 
areas  and  differentiating  them  from  the  surrounding 
terrain. 

RATIONALE:  The  commander  must  be  able  to  differentiate 
between  friendly  and  enemy  forces." 

(b)  Comment.  Color  coding  of  friendly  and  enemy  symbols  is  a 
requirement.  Shape  in  addition  to  color  coding  adds'  little.  TOC 
personnel  need  to  rapidly  and  unmistakably  differentiate  enemy  symbology 
from  friendly  symbology. 

(9)  Quote  and  comment. 

(a;  Quote. 

"8.  Incorporation  of  state-of-the-art  micro-miniaturized 
c I rcu i try . 

RATIONALE:  Provides  lightweight,  electronic  modules 
that  are  maneuverable  and  maintainable  in  the  field." 

(b)  Comment.  Characteristics  should  not  list  a  particular  tech¬ 
nology.  The  state-cf-the-art  is  rapidly  changing.  The  characteristic 
should  be  more  general  and  should  state  that  the  equipment  should  take 
advantage  of  the  latest  state-of-the-art  developments  that  aid  In  making 
the  equipment  small,  lightweight,  rugged,  reliable,  maintainable,  and 
mobi le. 

(10)  Quote  and  comment. 

(a)  Quote. 

"9.  A  data  update  capability. 

RATIONALE:  Reduces  operator  involvement  and  human 
errors,  and  will  provide  greater  system  flexibility." 
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(b)  Comment.  Data  on  the  GDD  is  updated  by  transferring  the 
latesr  display  from  a  graphic  display  console. 

( M )  Quote  and  comment. 

I  a )  Quote . 

”10.  Compactness  and  be  comprised  of  modular 
components.  It  must  be  mountable  In  standard 
vehicular  mounted  shelters  normal  to  the  echelon 
of  employment. 

RATIONALE:  Modularity  will  facilitate  mainten¬ 
ance  and  repair." 

(b)  Comment.  Concur. 

(12)  Quote  and  comment. 

(a)  Quote. 

"II.  A  regenerative  capability,  allowing  the  infor¬ 
mation  on  display  to  persist  without  having  to 
interrogate  the  computer. 

RATIONALE:  Requires  integral  display  memory  and 
reduces  operator  involvement.  Keeps  the  operator 
from  having  to  repeatedly  query  the  data  base  for 
the  same  information." 

(b)  Comment.  A  regenerative  capability  (e.g.,  refresh  buffer)  may 
not  be  required  for  some  techniques.  The  characteristic  should  read: 
"The  display  on  the  GDD  must  persist  indefinitely  without  access  to  the 
CPU."  If  the  symbols  require  refreshing,  a  dedicated  refresh  device 
may  be  needed. 

(13)  Quote  and  comment. 

(a)  Quote. 

"12.  Capability  of  secure  remote  operation  from  the 
computer  via  a  data  terminal. 

RATIONAL:  Provides  system  security  between  the  GDD 
and  RCC/CCC. " 

(b)  Comment.  A  display  system  contains  its  own  processor.  The 
characteristic  should  read:  Capability  of  secure  remote  operation  from 
the  T03  computer  via  a  dalj  terminal. 

(14)  Quote  and  comment. 
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( a )  Quote . 

”13.  Capability  of  highlighting  a  set  or  combination 
of  symbols  which  are  of  special  attention  or  require 
immediate  action. 

RATIONALE:  Provides  easy  recognition  of  critical 
groupings  or  symbols." 

<b)  Comment.  Highlighting  on  a  permanent  basis  is  best  done  by 
color.  However,  other  techniques  such  as  increasing  the  brightness  of 
the  critical  symbols  are  acceptable.  The  preferred  method  for  temporary 
highlighting  Is  to  cause  the  critical  symbols  to  biink. 

U 5)  Quote  and  comment. 

(a)  Quote. 

"14.  Capability  of  transmitting  the  display  to  any 
other  GOO  or  auxiliary  device  within  the  field 
Army  area.  WIN  provide  capability  to  display  any 
input  from  a  connected  auxiliary  console  display. 

RAT «Gff ALE:  Provides  digital  transmission  of 
graphic  information  for  liaison,  coordination 
and  control  purposes.  Also  provides  hardcopy 
reproductions  of  Auxiliary  Console  Graphic  Dis¬ 
plays  ( Auxiliary  Consoles  have  no  graphic 
hardcopy  capability  other  than  this  means).” 

(b)  Comment.  This  should  be  a  console  characteristic  instead  of 
GDD  characteristic.  The  graphic  hardcopier  should  operate  independent iy 
from  the  GDD. 

(16)  Quote  and  comment. 

(a)  Quote. 

"15.  Capability  of  functioning  in  the  field  Army 
electromagnetic  environment  and  must  not  interfere 
with  other  collocated  communlcations-efectronic 
equipments  and  systems.  The  system  must  county 
with  the  electromagnetic  compatibility  requirements 
of  MIL  ST0-46IA. 

RATIONALE:  Display  device  must  not  effect  perfor¬ 
mance  of  existing,  working  electronic  systems 
within  the  field  Army." 


<b)  Comment.  No  consnent 


(17)  Quote  and  comment. 

(a)  Quote-. 

”16.  Corapa M b i I i ty  with  state-of-the-art  peripheral 
and  centra i  processing  devices  of  AftTADS  and  pro¬ 
jected  communications  systems  of  +tie  time  frame. 

RATIONALE:  Insures  easy  fielding  and  interfacing 
with  existing  ADP  systems  and  communication 
networks /systems .” 

(b)  Comment.  No  commenl . 

(IS)  Quote  and  comment. 

(a)  Quote. 

”|7,  Man-mach i ne-  relationship  wiH  be  in  accordance 
with  human  engineering  factors  standards  and  user 
operational  roqui re.T>entc . 

RATIONALE:  Requires  development  of  simple,  easy 
i r.ter faces  wh i  ch  will  reduce  the  time  required 
for  operator  intervention.” 

(b)  Comment .  The  man-machine  interface  requirement  is  extremely 
important  end  needs  to  be  more  specific.  See  the  procedures  in  sub- 
paragraph  2'4e  of  this  section. 

(19)  Quote  and  comment. 

(a)  Quote. 

”18.  The  design  viM  ba  such  that  The  proposed  dis¬ 
play,  when  operated  in  conjunction  with  the  digital 
data  source,,  comp i ies  with  tne  provisions  of  AR  530-4 
and  the  NACSEMS  5100  Series. 

RATIONALE:  The  display  must  comply  with 
ex’s+ing  Army  regulations  and  Federal  Standards 
pertaining  to  signal  security." 

( b )  Comment .  No  comment . 

(?C)  Quote  and  comment. 

( a )  Quote . 

”19*  The  ability  to  display  a  curse,"  symbol  to 
position  circles,  vectors,  plotting  points  and 
svmbcis  on  the  display  surface. 


RATIONAL!!:  Allows  the  operator  ro  find,  mark 
and  move  (add,  delete)  items  on  the  display 
screen  with  a  minimum  of  searching  and  confusion." 

(b)  Commenf.  This  requirement  is  not  necessary  tor  the  GOD  since 
the  device  is  not  required  to  be  interactive. 

(21)  Quote  and  comment. 

(a)  Quote. 

”20.  Random  selection  and  display  of  any  one  map 
under  the  control  of  either  the  operator  or  dc.ta  source. 

RATIONALE:  Requires  rapid  map  changing.  Gan  he 
operator  controlled  for  corrections  or  magnification 
of  map  area  or  computer  controlled  to  provide  a  graph¬ 
ical  response  to  a  query.” 

(b)  Comment.  The  map  background  is  a  part  of  any  tactical  situ¬ 
ation  display.  As  such,  the  desired  map  background  should  appear  auto¬ 
matical  ly  when  a  display  is  transferred  to  the  GD9. 

(22)  Quote  and  comment. 

(a)  Quote. 

”2 l .  WiM  have  the  capability  to  display  approximately 
one-fourtn  of  the  map  area  for  2X  magnification  of 
both  horizontal  and  vertical  dimensions.  This  will 
oe  a  real  or  near-real  time  capability, 

RATIONALE:  For  detailed  analysis  and  control  by 
commanders.  The  magnification  of  map  results  in  a 
greater  display  of  detail,  especially  needed  in 
static  tactical  situations.  The  response  times 
should  be  very  near  '«he  query  response  times  given 
in  Annex  A.” 

( b )  Comment.  The  anility  to  provide  map  background  magnii  cation 
on  the  ODD  is  desirable. 

(23>  Quote  ano  comment. 


(a)  Quote. 

”22.  Distortion  of  the  projected  map  will  be  0.0% 
to~0.5S. 

RATIONALE:  Provides  an  accurate,  readable  map  with 
easily  d i s t i ngu 1 shab I e  symto Is.” 
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(D)  Comment.  Minor  distortion  of  the  map  background  is  only 
important  in  its  effect  on  the  user’s  perception  of  dynamic  symbol 
placement  accuracy.  The  characteristic  appears  to  assume  a  projection 
technique  as  the  means  of  displaying  maps.  The  technique  should  not  be 
speci  f  iecj. 

(24)  Quote  and  comment. 

( a )  Quote . 

”23.  Provide  for  constant  relative  registration 
of  the  computer  driven  display  and  the  map  back¬ 
ground  through  magnification  modes. 

RATIONALE:  Limits  and  ties  the  active  display 
distortion  to  Characteristic  C ( 5 ) ( a ) 22 . " 

(b)  Comment.  In  display  systems  evaluated  during  the  test,  the 
enlargement  of  an  area  of  the  map  tended  to  improve  the  symbol  placement 
accuracy  since  inaccuracies  are  constant  in  relation  to  screen  height 
and  width.  Map  magnification  increases  the  physical  dimension  that 
1,000  meters  occupy,  thus  the  symbol  placement  accuracy  as  perceived  by 
the  eye  is  increased. 

(25)  Quote  and  comment. 

(a)  Quote. 

"24.  Highlight  updated  information  until  acknowledged 
by  the  operator. 

RATIONALE:  Permits  the  commander  to  be  advised 
graphically  of  current  events  and  highlight  the 
most  recent  for  required  review.  After  review  and 
acknowledgement,  the  highlighting  can  be  stopped 
and  the  correct  symbol  and  color  can  be  inserted 
on  the  display." 

(b)  Comment.  This  requirement  applies  to  the  console,  not  the 

GOD. 

(26)  Quote  and  comment. 

(a)  Quote. 

"25.  Capability  for  retaining  the  existing  image 
if  the  channel  to  the  computer  is  interrupted.  Also 
desired  is  the  automatic  capability  of  reproducing  on 
the  overlay  reproducer  a i I  information  displayed 
Immediately  preceding  a  GOD  or  associated  equipment 
failure.  Whijo  inclusion  of  this  capability  may  be 


presently  prohibitive  for  economic  reasons,  it  is 
inherent  in  providing  adequate  continuity  of 
operations  to  support  mission  execution. 

RATIONALE:  Provides  a  degraded  mode  of  operation 
if  display  device  or  data  link  fails.  Insures 
continuity  of  operations,  limits  loss  of  infor¬ 
mation  and  I imits  the  size  of  the  manual  backup 
system." 

(b)  Comment.  GDD  persistence  for  the  purpose  of  CONOPS  may  not  be 
required.  The  local  display  processor  provides  CONOPS  if  the  TOS  data 
link  fails.  The  concept  of  using  the  overlay  reproducer  for  CONOPS  Is 
good .  ( See  ( 28 ) ( b )  below.) 

(27)  Quote  and  comment. 

(a)  Quote. 

"(b)  Display  Control  Console  (DCC)****. " 

(b)  Comment.  The  DCC  is  unnecessary.  Control  of  the  GDD  is 
through  an  interactive  graphic  display  console. 

(28)  Quote  and  comment. 

(a)  Quote. 

"(c)  Overlay  Reproducer.  For  the  purposes  of  this 
document,  an  overlay  reproducer  is  defined  as  the 
device  which  produces  permanent,  transparent  over¬ 
lays  which  are  suitable  for  use  with  standard  Army 
maps,  or  their  projections.  The  overlay  will  he 
compufer  generated  and  shall  be  capable  of  printing 
ail  symbols  displayed  on  the  GDD.  The  environmental 
characteristics  of  the  overlay  reproducer  are 
identical  to  ihose  required  for  the  Group  Display 
for  both  storage  and  operating  conditions.  Overlays 
should  be  on  a  single  transparent  sheet  capable  of 
multiple  reproductions  to  coincide  with  the  size  of 
the  display,  any  part  thereof  or  the  size  of  standard 
Army  tactical  maps  e.g.,  22"  x  29";  28"  x  36"  is  re¬ 
quired  for  the  1:1,000,000  map.  The  overlay  reproducer 
shall  have  some  method  to  distinguish  betwean  friendly 
and  enemy  symbols. 

RATIONALE:  The  reproducer  produces  graphic  situation 
overlays  for  use  away  from  the  device.  Its  application 
in  a  tactical  environment  will  require  a  hardcopy 
capability.  The  overlay  can  be  then  used  with  a 


hardcopy  Army  map  or  hardcopy  projection.  Thus ,  It 
is  required  that  the  overlay  reloie  on  a  1:1  ratio 
with  the  correct  map  or  mao  representation  sh?e. 

The  data  being  printed  is  from  the  data  base  of  the 
GDD  and  controlled  registration  (1:1)  is  needed.  The 
reproducer  is  mounted  and  operated  in  the  same 
(or  similar)  locations  as  the  main  TOS  comp >nents, 
and  must  withstand  the  same  environmental  conditions. 

Provides  flexibility  if  the  GDD  is  in  the  magnifica¬ 
tion  mode.  More  than  one  overlay  is  needed  if  several 
smaller  unit  commanders  are  to  use  the  same  qrapntC 
i nformation." 

( b )  Comment . 

J_.  The  overlay  reproducer  is  a  separate  device  and  should  operate 
independently  from  the  GDD  and  the  AC.  The  reproducer  should  be  designed 
to  produce  overlays  which  are  suitable  tor  use  with  standard  scale,  .tard 
copy  maps  (not  projected  maps).  The  reproducer  is  required  to  make 
copies  of  scenes  displayed  on  the  consoles  raiher  than  the  GDD.  (Any 
scene  on  the  GDD  is  first  displayed  on  a  console,  then  transferred  to 
the  GDD.)  A  multicopy  ability  is  required.  Tho  sire  of  the  copy  should 
be  af  least  I  meter  by  I  meter.  This  is  the  si're  required  tor  a 
50-ki iometer  by  50-kilometer  area  of  coverage  on  a  1:50,000  scale  map. 

The  misconception  by  specification  writers  that  overlays  should  be  the 
sire  of  standard  military  map  sheets  should  be  avoided.  The  size 
rea'irement  must  be  based  upon  The  tacticai  area  cf  interest.  For  a 
division,  this  is  approximately  50  kilometers  by  i?C  M lemefers.  The 
hard  copy  reproducer  should  be  able  to  provide  copy  to  any  standard 
military  map  scale.  The  copy  should  be  tc  scaie  So  that  it  can  be 
overlayed  on  standard  military  hard  copy  maps.  Overlays  should  be  on 
transparent  .material  so  that  map  data  can  be  seen  fh»ough  them.  This  is 
not  intended  to  exclude  output  on  other  material  such  as  paper. 

j?.  Overlays  output  in  color  are  desirable.  At  least  twe  colors 
are  needed  to  differentiate  between  enemy  and  t.iendly  symbology.  The 
colors  used  should  have  a  high  degree  of  contrast  to  the  paper  map 
colors.  The  overlay  reproducer  should  be  capable  of  remote  operation. 
This  allows  the  transmission  of  overlays  to  lower  echelons  which  may  not 
have  an  automated  display  system.  Such  a  device  may  require  a  small 
memory  unit  or  buffer  to  preclude  tying  up  communication  iines.  The 
overlay  reproducer  can  be  used  for  CONORS.  Periodic  outputs  of  Important 
displays  could  be  used  during  system  performance  degradation  or  during 
TOC  displacement.  The  statement  "The  overlay  reproducer  provides 
flexibility  if  the  GDD  is  in  the  magnification  mode."  Is  unclear. 

c.  Analysis  console. 
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(I).  Quote  and  comment, 

(a)  Quote, 

”{6)  Analysis  Console  (AC).  The  AC  will  provide 
The  man/machine  interface  between  the  commander 1 s 
staff  and  directly  supporting  units  and  the  computer/ 
data  base.  The  device  will  operate  as  a  qraphioa! 
display  and  an  alphanumeric  input/output  device 
allowing  the  user  access  to  the  computer’ a  data  base. 

The  analysis  console  will  consist  of  the  following 
modules." 

(b)  Comment,  interactive  graphic  display  consoles  are  the  man- 
machine  interface  between  the  commander’s  staff  and  the  compute1"..  As 
such,  their  capability  for  interaction  with  the  computer  is  extremely 
important.  Procedures  for  interacting  with  the  computer  must  bp  kept 
simple.  (See  subparagraph  2-4e  of  this  section.) 

(?)  Quote  and  comment. 

(a)  Quote. 

"(a)  Map  D’spiay  Module: 

1.  Will  display  Army  maps,  their  repre«enrat ion  or 
Their  projection  in  a  reduced  scale  ir.  color  on  the 
face  of  the  display. 

2.  live  displayed  Army  maps  will  be  both  standard 
Tl  : 50,000;  !;i00,000;  1:250,000;  1:1,000,000)  and 
non-standard  (mosiacs,  photographs  or  their  repre¬ 
sentations). 

RATIONALE:  To  allow  the  user  to  view  the  tactic.il 
situation  on  a  standard  Army  map." 

(b)  Comment.  The  display  of  map  backgrounds  on  the  interactive 
graphic  display  console  display  surface  is  a  requirement.  Ideally,  the 
operator  should  be  able  to  specify  any  area  of  coverage  and  desired 
level  of  detail  (e.g.,  roads,  rivers,  Towns,  grids).  The  area  of 
coverage  should  be  displayed  on  the  full  image  area  of  the  screen  by 
only  specifying  the  coordinates  of  two  diagonal  corners  of  thp  desired 
area.  This  ability  allows  the  user  lo  obtain  any  size  magnification 
lhat  he  desires  a+  a  given  moment.  The  use  of  digital  map  data  Is  one 
way  that  th<s  cesfred  background  ability  could  be  accomplished.  An 
optical  projection  technique  with  zoom  and  filtering  capabilities  is 
another  way  to  attain  this  background  coverage, 

(5)  Quote  and  com  lent. 
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(a)  Quote. 

"T.  Will  provide  random  selection  and  display  of 
any  one  map  under  the  centre.,  of  either  the  oper¬ 
ator  or  data  source. 

RATIONALE:  Requires  rapid  map  changing.  Can  be 
operator  controlled  by  corrections  or  magnifica¬ 
tion  of  map  area  or  computer  controlled  to  provide 
o  graphical  response  to  a  query." 

(b'  Comment.  Random  selection  of  backgrounds  is  required.  The 
background  selection  should  always  be  under  user  control,  not  data 
source  control . 

(4)  Quote  and  comment. 

(a)  Quote. 

"£.  Will  have  the  capability  of  2X  magnification 
of  approximately  1/4  of  the  displayed  area..  While 
in  magnification  mode,  the  scale  of  the  display 
will  be  approximately  equal  to  the  actual  map  scaie. 

This  will  be  a  real  or  near  real-time  capability. 

RATIONALE:  For  detailed  analysis  and  control  by 
commanders  or  staff  personnel.  The  magnification 
of  map  results  In  a  greater  display  of  detail, 
especially  needed  in  static  tactical  situations. 

The  response  times  should  be  very  near  the  query 
response  times  given  in  Annex  A." 

(b)  Comment.  The  ability  to  provide  map  background  magnification 
is  required.  Magnification  should  be  no  problem  if  the  u*8r  is  able  to 
specify  any  e*ea  of  coverage. 

(5)  Quote  and  comment. 

(a)  Quote. 


"5.  Geometric  distortion  of  the  projected  map  will 
be  0.0$  to  0.5$. 


RATIONALE:  Provides  an  accurate,  readable  map 
with  easily  distinguishable  symbols." 

(b)  Comment.  Minor  distortion  of  the  map  background  is  only 
important  in  its  effect  on  the  user’s  perception  of  dynamic  symbol 
placement  accuracy.  The  characteristic  appears  to  assume  a  projection 
technique  as  the  means  of  displaying  maps.  The  technique  should  not  be 
spec i f i ed . 
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(6)  Quote  and  comment. 


(a)  Quote. 

"(b)  Graphic  Display  Module.  Graphic  Display  Module 
will: 

I.  Provide  capability  of  superimposing  dynamic 
alphanumeric  and  graphic  information  on  +he  map 
background. 

RATIONALE:  Required  to  provide  the  flexibility 
needed  and  meet  system  functions  for  the  Analysis 
Console." 

(b)  Comment.  The  ability  to  display  FM  21-30  symbology  on  a  map 
background  is  a  requirement.  For  specific  requirement*  see  subparagraph 
2-4b. 

(7)  Quote  and  comment. 

(a)  Quote. 

"2.  Provide  visual  distinction  between  enemy  and 
friendly  forces. 

RATIONALE:  To  allow  the  commander  or  staff  to 
differentiate  between  friendly  or  enemy  forces." 

(b>  Comment.  Color  Is  the  best  means  of  visual  distinction.  At 
least  three  colors  are  required.  Three  colors  allow  friendly,  enemy, 
and  control  measure  symbols  to  be  color  coded. 

(8)  Quote  atnl  comment. 

(a)  Quote. 

"3.  Provide  for  constant  relative  registration  of 
the  computer  driven  display  and  the  map  background 
through  magnification  modes. 

RATIONALE:  Limits  and  ties  the  active  display  dis¬ 
tortion  to  characteristic  c(6Ha)5^." 

(b)  Comment.  In  display  systems  evaluated  during  the  test,  the 
enlargement  of  on  area  of  the  map  tended  to  Improve  the  symbol  placement 
accuracy  since  inaccuracies  are  constant  in  relalfon  to  screen  height 
and  width.  Map  magnification  increase?  the  physical  dimension  that 
!,000  meters  occupy,  thus  the  symbol  placement  accuracy  as  perceived  by 
the  eye  is  increased. 
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(9)  Quote  and  comment. 


(a)  Quote. 

”4.  Display  a  cursor  symbol  (controlled  by  the 
operator)  to  indicate  the  iocation  for  graphic 
symbols  on  the  display  screen. 

RATIONALE:  Allows  the  operator  to  find,  mark  and 
move  (add,  delete)  items  on  the  display  screen 
with  a  minimum  of  searching  and  confusion." 

(b)  Comment.  There  are  two  basic  methods  for  positioning  a  data 
item.  One  method  is  the  use  of  a  map  background  to  "eyeball"  the 
desired  location  and  then  indicating  this  position  to  the  system  by 
pointing.  The  other  method  is  by  keyboard  entry  of  the  coordinates. 

The  onsole  must  give  the  operator  the  option  of  using  either  method. 

(10)  Quote  and  comment. 

(a)  Quote. 

"5.  Display  a  "Marker"  symbol  (controlled  by  the 
operator)  ro  indicate  the  location  where  alpha¬ 
numeric  data  is  to  be  placed  on  the  display  screen. 

RATIONALE:  The  cursor  symbol  Is  ineffective  for 
noting  the  position  of  alphanumeric  data,  and 
therefore  a  "marker"  symbol  Is  needed." 

(b)  Comment.  A  marker  symbol  is  required  to  show  the  operator 
where  the  next  added  alphanumeric  character  will  appear  or  which  alpha¬ 
numeric  character  is  to  be  changed  or  deleted. 

(11)  Quote  and  comment. 

(a)  Quote. 

"6.  Display  two  symbol  sizes  which  conform  to  con¬ 
ventional  symbology  (FM  21-30). 

RATIONALE:  To  accommodate  the  different  types  of 
display  devices.  Display  of  two  symbol  sizes  allows 
the  capability  to  transfer  displayed  data  to  smaller, 
remote  screens." 

(b)  Comment.  The  symbol  size  should  be  variable  up or  operator 
request.  This  will  allow  him  to  selecl  the  size-  best  suited  for  a 
particular  display  scene.  However,  the  console  should  be  designed  with 
one  optimum  symbol  size  in  mind.  The  primary  constraints  are  individual 
symbol  legibility  and  the  number  of  symbols  required  to  be  displayed  at 
any  one  time. 


(12)  Quote  and  comment. 

(a)  Quote. 

"7.  Highlight  updated  information  until  achkcwiedged 
by  the  operator. 

RATIONALE:  Permits  the- commander  cr  staff  to  be 
updated  graphically  of  current  events  and  denotes 
the  most  recent  for  required  review.  After  review 
and  acknowledgement,  the  highlighting  can  be 
stopped  and  the  correct  symbol  and  color  can  be 
inserted  on  the  display.  Provides  interfacing 
terminals  which  permit  operation  of  device  away 
from  vicinity  of  RCC  or  CCC." 

(b)  Comment j  All  data  received  from  other  ADP  sources  should  be 
highlighted  upon  initial  display.  At  that  time,  the  user  should  be  able 
to  add  it  to  his  data  base,  add  if  to  a  data  category  for  review  at  a 
later  time,  or  delete  it.  Blinking  is  an  acceptable  method  of  high¬ 
lighting.  Any  other  method  which  Is  equally  as  attention  getting  is 
acceptable. 

(13)  Quote  and  comment. 

(a)  Quote. 

"j3.  Highlight  selected  data.  (Data  is  pre-selected 
by  the  operator  into  groupings.) 

RATIONALE:  Provides  easy  recognition  of  critical 
groupings  or  symbols." 

(b)  Comment.  The  ability  to  highlight  on  a  permanent  basis  is 
best  done  by  color.  However,  other  techniques  such  as  increasing  the 
brightness  of  the  critical  symbols  is  acceptable.  The  preferred  method 
for  temporary  highlighting  is  to  cause  the  critical  symbols  to  blink. 

(14)  Quote  and  comment. 

(a)  Quote. 

"9.  Display  selected  characters,  words,  and  lines 
to  aid  in  the  composition  of  free  text  message. 

RATIONALE:  To  aid  the  operator  in  the  composition 
of  fixed' format  messages." 

(b)  Comment.  Composition  of  alphanumeric  messages  (fixed  or 
variable  format)  is  more  efficiently  done  on  a  separate  alphanumeric 
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display  console.  The  graphic  console  should  not  be  used  routinely  to 
format  alphanumeric  messages.  However,  alphanumeric  data  can  be  input 
or  called  up  and  displayed  on  the  graphic  console  as  needed s 

(15)  Quote  and  comment. 

(a)  Quote. 

"10.  Have  variable  brightness/contrast  of  dis¬ 
played  information. 

RATIONALE:  To  allow  the  operator  the  ability 
to  adjust  the  screen  brightness  with  relation 
to  the  ambient  light." 

(b)  Comment.  Brightness  control  of  each  color  of  symbology  and 
the  map  background  should  be  under  user  control.  This  allows  the  oper¬ 
ator  to  subdue  categories  of  information  not  of  particular  interest  at 
the  moment  in  addition  to  adjusting  for  the  ambieni  light  environment. 

(IG)  Quote  and  comment. 

(a)  Quote. 

"I i .  Display  from  70  to  140  message  formats 
on  call. 

"12.  Display  (under  operator  control)  a  message 
format  directory  or  present  key  word  groupings. 

RATIONALE:  To  aid  the  operator  in  the  composition 
of  fixed  format  messages." 

(b)  Comment.  Graphic  display  consoles  should  not  be  used  for 
routine  alphanumeric  message  entry.  Composition  of  alphanumeric  mes¬ 
sages  is  more  efficiently  done  on  a  separate  alphanumeric  display 
console. 

(17)  Quote  and  comment. 

(a)  Quote. 

"(c)  Display  module.  Display  module  will  be 
identical  to  that  of  the  LMIOD. 

RATIONALE:  MIOD  Display  Module  meets  alpha¬ 
numeric  Input/Output  requirements  of  the  analysis 
console.  (See  MIOD  rationale)." 
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(b)  Comment.  This  module  is  similar  to  the  alphanumeric  display 
console  referred  to  in  subparagraphs  U4)(b)  and  (I6)(b)  above. 

(18)  Quote  and  comment. 

( a )  Quote . 

"(d)  Memory  Module.  Must  provide  sufficient 
storage  to: 

\_.  Produce  and  hold  a  flicker-free-  display(s). 

2.  Provide  buffering  between  the  data  terminal 
module  and  other  component  modules  and  devices. 

2-  Penn  it  the  Analysis  Console  to  meet  the 
required  capabilities. 

RATIONALE:  Storage  requirements  are  dependent 
on  The  design,  configuration,  and  programing  used 
in  the  Analysis  Console.” 

( b )  Comment.  Concur  if  the  display  technique  for  the  console  is 
one  which  requires  memory  to  refresh  the  image  (e.g.,  CRT).  However, 
of her  display  techniques  may  not  require  memory  integral  with  the  con¬ 
sole. 

(19)  Quote  and  comment. 

(a)  Quote. 

"(e)  Keyboard  module  will: 

2*  Permit  the  use  of  the  Standard  ASCii  64  char¬ 
acter  subset  and  the  use  of  necessary  control 
characters. 

RATIONALE:  Provides  standardization  of  characters 
and  permits  operator  control  over  placement  of 
symbols  and  composition  of  messages." 

(b)  Comment.  The  64-character  ASCII  set  is  required.  The  alpha¬ 
numeric  keyboard  layout  should  be  the  same  as  found  on  standard  type- 
wri  lers. 

(20)  Quote  and  comment. 
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Quot  e . 

"2.  Permit  the  selection  o i  present  or  dynamic 
displays  by  the  operator,  such  as  boundaries, 
enemy  ECM  and  friendly  aiitenna  sites,  radiation 
fallout  contours,  etc. 


RATIONALE:  Provides  start inr  point  for  creating 
ar-d  analyzing  tact  i  ;af  situation  displays  and 
permits  the  storage  of  situation  displays  for 
later  analysis  or  viewing." 

lb)  Comment.  This  requirement  »s  equivalent  to  the  category 
seiection  feature  discussed  in  subparagraph  ?-4e  of  this  section.  This 
capability  is  very  important. 


(21)  Quote  and  comment. 

(a)  Quote. 

"3.  Permit  the  printer  module  to  copy  the 
desired  message. 

RATIONALE:  Provides  operator  consol  over  the 
printer  and  permits  harocopy  reproduction  of 
certain  messages  for  use  away  from  the  device 
or  for  r, on- computer  storage." 

<b>  Comment.  Concur. 

(22)  Quote  and  comment. 

(a)  Quote. 

"4.  Permit  initiation  of  transmission  of  data 
to  the  computer  and  other  devices. 

RATIONALE:  Permits  operalor  control  over  out¬ 
going  message  transmissions." 

(b)  Comment,  Concur. 

(23)  Quote  and  rorsment. 

(a)  Qi-ste. 

"5.  Permit  selection  of  mode  of  operation 
(Single  or  Both  .Screens). 

RATIONALE:  Allows  the  operator  to  address  one 
display  at  a  time  and  not  have  a  distracting 
second  display.  Also  allows  interaction  between 
the  two  displays  for  greater  flexibility." 
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(b)  Comment.  The  console  should  have  a  separate  area  for  dis¬ 
play  }nq  certain  alphanumeric  data.  It  can  be  on  the  same  screen  as  that 
used  for  graphic  displays,  provided  it  is  separate  from  the  graphic 
display;  or  it  can  be  on  a  nearby  separate  screen.  Data  displayed  in 
this  area  will  include  alphanumeric  oats,  associated  with  a  displayed 
symbols  such  as  its  grid  coordinates,  or  *ree-+ext  remarks  pertaining  to 
a  displayed  symbol.  Tabular  chart  data  may  also  be  called  up  and  dis¬ 
played  here .  For  routine  Input-output  of  alphanumeric  messages  and 
data,  a  separate  alphanumeric  display  console  should  be  used. 

(24)  Quote  and  comment. 

(a)  Quote. 

"6.  Permit  composition/entering  and  editing  of 
aTphanumeric  and  graphic  data. 

RATIONALE:  Permits  operator  control  of  message 
senefng,  preparation,  revision  or  correction.” 

(b)  Comment.  A  keyboard  is  necessary  for  interaction  with  the 
display.  Routine  messages  should  be  prepared  at  a  separate  alphanumeric 
display  console  and  not  at  a  graphic  console. 

(25)  Quote  and  comment, 

(a)  Quote. 

"7.  Permit  positioning  of  a  ‘'marker”  symbol, 

RATIONALE;  The  cursor  symbol  is  ineffective  for 
noting  the  ,ositfon  of  alphanumeric  data,  and 
therefore  a  "marker"  symbol  Is  needed,” 

lb)  Comment.  A  marker  symbol  is  required  to  show  the  operator 
where  the  next  added  alphanumeric  will  appear  or  which  alphanumeric  is 
to  be  changed  or  deleted. 

(26)  Quote  and  comment. 

(a)  Quote. 

”8.  Permit  positioning  of  a  cursor  symbol  by 
a" track  ball,  joy  stick,  etc.,  or  via  input  of 
map  coordinate  values. 

RATIONALE:  Requires  operator  control  using  the 
two  most  common  position  locators." 

(b)  Comment.  Concur.  See  subparagraph  (9)(b)  above  for  cogent. 

(27)  Quote  and  comment. 
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(d)  ?uoJ  ■. 

”9.  Tab  functions  to  be  set  manually  or  under 
format  control. 

RATIONALE:  Time  and  labor  saving  feature 
designed  to  enhance  the  operator’s  speed  and 
accuracy." 

(hi  Comment.  This  characteristic  may  not  be  required  on  a  graph i 
console  keyboard. 

(28)  Quote  and  comment. 

(a)  Quote. 

"iO.  Permit  selective  insert/ delete  of  characters, 
words,  and  lines  (including  punctuation  and  symbols) 
to  aid  in  the  composition  if  messages. 

RATIONALE:  Permits  operator  control  of  messaqo 
sending,  preparation,  revision  or  correction.” 

(b>  Comment.  This  characteristic  may  not  be  required  on  a  graph! 
console  keyboard. 

(29)  Quote  and  comment. 

(a)  Quote. 

"II.  Permit  "read-in”  of  cursor  position  (coordin- 
afes);  drawing  of  vectors  and  circles;  plotting 
points,  and  symbois;  deletion  generation  and  relo¬ 
cation  of  symbols;  display  of  distances:  acknowledge¬ 
ment  of  receipt  of  a  message  or  display  information. 

RATIONALE:  Applies  to  graphic  data  using  common 
symbols  and  inputs.  Permit  operator  action  on 
received  messages  (for  control  purposes)." 

(b)  Comment.  The  functions  listed  in  this  characteristic  only 
outline  the  basic  interactive  capabilities  required  of  an  interactive 
display  console.  For  a  more  detailed  description  of  the  required 
interactive  capabilities,  see  subparaqraph  2-4e  of  this  section. 

(50)  Quote  and  comment. 

(a)  Quote. 

"12.  Provide  control  over  audio/visual  signal* 
when  pre-solected  data  categories  are  displayed, 
certain  parameters  are  exceeded  or  a  control  message 
received.  The  operator  can  manually  cancel  the 
Indicators  by  acknowledgement. 


RATIONALE:  Certain  da  La  is  loo  important  to 
rely  on  the  highlighting  capability.  The 
specified  data,  fhe  indicators,  and  the  para¬ 
meters  are  under  operator  control  because  each 
A.C.  user  will  have  a  different  primary  purpose." 

(b)  Comment.  Concur. 

(31)  Quote  and  comment. 

(a)  Quote. 

"15.  Start  (Initiate)  hardcopy  of  a  message. 

RATIONALE:  Permits  operator  control  it  over¬ 
riding  of  programed  functions  is  required." 

(b)  Comment.  Concur.  A  specific  pushbutton  (e.g.,  PRINT)  could 
be  used. 

(32)  Quote  and  comment. 

(a)  Quote. 

"(f)  Control  Module  will; 

I.  Provide  for  activation  of  audio  and  visual 
signals  by  operator  or  preselected  categories. 

RATIONALE:  See  Characteristic  c(6)(e)J2." 

(b)  Comment.  Some  audio  and  visual  signals  will  require  automatic 
system  activation  (e.q.,  highlighting  of  a  symbol  newly  input  from  TOS) . 

(33)  Quote  and  comment. 

( a )  Quote . 

"2.  Provide  separate  control  over  brightness/ 
contrast  on  the  map  background  3nd  the  computer 
driven  data. 

RATIONALE:  Environmental  changes  (sunlight, 
darkness)  require  varying  display  intensities  to 
meet  readability  criteria." 

(b)  Comment.  Concur.  Brighlness  control  of  each  color  of  dynamic 
symbology  and  the  map  background  should  be  under  user  control.  This 
will  allow  the  operator  to  subdue  categories  of  Information  not  of 
particular  Interest  at  the  mofrent.  It  will  also  allow  him  to  adjust  for 
fhe  ambient  light  environment. 


(34)  Quote  and  comment. 

(a)  Quote. 

"3.  Provide  for  control  of  traffic  between 
the  modules  of  the  AC. 

RATIONALE:  Permits  orderly  interfacing  between 
the  modules  that  make  up  the  ACi" 

(b)  Comment.  No  comment. 

(35)  Quote  and  comment. 

(a)  Quote. 

"4.  Provide  for  selection  of  preset  dynamic 
displays  and  capability  to  alter  the  displays 
via  operator  control. 

RATIONALE;  Provides  immediate  correctional 
capabilities  to  .the  operator.  The  operator 
must  only  correct  information  .or  data  he  origin¬ 
ated  and/or  reviews  before  entry  to  data  base.” 

(b)  Comment.  The  ability  to  store  and  to  display  historical  data 
is  a  requirement.  The  ability  to  modify  a  recalled  scene  and  re-store 
the  modified  scene  is  also  a  requirement. 

(36)  Quote  and  comment. 

(a)  Quote. 

”5.  Provide  for  call-up  of  a  message  format 
dTrectory  (of  100  to  200  formats)  and,  at  request, 
call  up  any  message  format  in  that  directory. 

RATIONALE:  Gives  user  ability  to  rapidly  compose 
messages  for  transmission.  By  reducing  messaqes 
composition  time,  TOS  will  require  fewer  AC's  and 
therefore,  fewer  users,  resulting  in  c  faster 
response  to  queries.” 

(b)  Comment.  Routine  alphanumeric  input  or  output  is  better  done 
from  a  separate  alphanumeric  display  console;  however,  the  graphic  con¬ 
sole  should  have  this  capability. 


(37)  Quote  and  comment'. 


(a)  Quote. 

"6.  Provide  for  call-up  of  key  word  groups, 
priority  groupings,  functional  areas  or  any 
other  data  configuration  and  display  the 
subset(s)  of  those  groupings  on  request. 

RATIONALE:  Required  to  provide  user  with 
access  to  the  data  banks.  Allows  user  to 
reference  lists  to  help  in  preparinq  queries 
and  SRi's." 

(b)  Comment.  If  the  data  referred  to  in  this  requirement  is 
alphanumeric,  the  comment  in  subparagraph  (36) (b)  above  applies. 

(38)  Quote  and  comment. 

(a)  Quote. 

”7.  Provide  for  call-up  of  a  list  of  abbrevi¬ 
ations  to  he  used  in  composing  messages  or 
displays. 

RATIONALE:  See  Characteristic  c(6)(f)5." 

(b)  Comment.  See  comment  in  subparagraph  (36) (b)  above. 

(39)  Quote  and  comment. 

(a)  Quote. 

”8.  Provide  capability  for  updating  symbol oqy 
as  the  new  symbols  evolve  from  the  military 
application  of  automation. 

RATIONALE:  Needed  for  readability  of  AC  and 
adjustment  of  TOS  to  future  developments, 
should  new  symbols  evolve." 

(b)  Comment.  The  operator  must  have  the  ability  to  create  mili¬ 
tary  branch  duty  and  graphic  symbols  that  are  not  contained  in  the 
system  symbol  library.  The  operator  should  be  abl<=  to  manipulate  a 
created  symbol  in  exactly  the  same  manner  as  a  symbol  in  the  permanent 
symbol  library. 

(40)  Quote  and  comment. 

(a)  Quote. 

"9,  Provide  for  storage  of  any  display  (operator 
specified  display)  for  later  re-display. 
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RATIONALE;  Permits  user  to  save  a  display  and 
eliminates  later  recreation,  thus  saving  the 
operator's  time.  Storage  can  be  done  locally 
or  at  the  RCC." 

(b)  Comment.  The  ability  to  store  and  to  display  historical  data 
is  a  requirement.  The  ability  to  modify  a  recalled  scene  and  re-store 
the  modified  scene  is  also  a  requirement. 

(41)  Quote  and  comment. 

(a'  Quote. 

"fO.  Provide  local  'correction  of  data  and  on 
ccmmand,  alter  the  data  base. 

RATIONAL1";  Needed  for  system/data  base  pro¬ 
tection  \ against  9  operator  errors)." 

( b )  Comment .  Concu  r . 

(42)  Quote  and  comment, 

(a)  Quote, 

"II.  Have  the  capability  of  both  screens  to  be 
separately  addressable  by  the  operator. 

RATIONALE;  To  allow  the  user  to  review  and/or 
compose  'Lwo  separate  messages  simultaneously." 

(D)  Comment.  The  rationale  should  read:  "To  allow  the  user  to 
monitor  the  tactical  situation  while  interacting  with  alphanumeric  data. 

(4?)  Quote  and  comment. 

(a)  Quote. 

"12.  Control  registration  of  computer  generated 
data  with  the  map. 

RATIONALE:  Requires  the  display  to  hold  and 
maintain  accuracies  of  read-in  positions  within 
an  acceptable  limit." 

(b)  Comment.  Concur. 

(-M)  Quote  and  comment. 

(a)  Quote. 

"(g)  Power  Unit  Module  will  be  similar  fo  that 
found  in  the  MIOD. 
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RATIONALE:  To  alio?/  for  srandardt zation  of 
equipment  within  the  system  through  a  standard¬ 
ized  power  module.1' 

(b)  Comment.  No  comment. 

(45)  Quote  and  comment. 

( a )  Quote . 

"(h)  Printer  Module  will  be  : dentinal  to  that 
found  in  the  MIOD. 

RATIONALE:  To  allow  for  standardization  of 
equipment  within  the  system  through  a  standard¬ 
ized  printer  module." 

(b)  Comment.  See  subparagraph  2-4e  of  this  section  for  additional 
printer  requirements. 

(46)  Quote  and  comment. 

(a)  Quote. 

"(i)  Data  Terminal  Module.  Data  Terminal 
Module  provides  for: 

J_.  Transmission  and  reception  of  messages 
from  the  RCC  thru  either  wire  or  radio  mediums. 

2.  Alternate  transmission  links  to  the  CCC 
or  other  RCC’s  when  the  primary  RCC  is  down. 

3.  Full  Duplex  Operation. 

4.  Meeting  requirements  for  data  terminals  (DT). 

RATIONALE:  Slnco  an  i npjt/output  device  is  used 
in  the  field  and  subject  to  destruction,  it  must 
use  all  available  communications  to  provide 
flexibility  and  reliability.  Full  duplex  is 
needed  to  meet  the  response  time  and  eliminate 
the  need  for  extra  AC  devices." 

(b)  Comment.  No  comment. 

d.  Revision  and  update  of  the  MN  for  TOS.  The  requirements  in  the 
MN  for  TOS  are  in  need  of  revision  and  update  for  several  reasons. 

(I)  The  findings  described  in  paragraph  2-3  of  this  section  do  not 
support  the  envisioned  role  for  the  group  display  device  and  the  analysis 
console  that  is  implied  in  the  MN  for  TOS. 
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(2)  The  requirements  in  the  MN  for  TOS  are  incomplete.  .  edi¬ 
tion,  some  listed  requirements  are  not  fully  explained  while  others  are 
not  realistic.  Furthermore,  the  FM  116  experimentation  surfaced  require¬ 
ments  which  were  not  envisioned  when  the  requirements  in  the  MN  for  TOS 
were  written. 

(3)  The  listing  of  the  requirements  in  the  MN  for  TOS  by  functional 
module  is  confusing.  Some  of  the  modules  listed  have  no  apparent  cor¬ 
responding  physical  device  (i.e.,  the  control  module  for  the  analysis 
console).  A  better  way  to  organize  the  requirements  is  to  specify  them 
by  physical  device  (e.g.,  group  display  output  device,  interactive 
graphic  display  console).  The  requirements  for  each  device  can  be 
categorized  by  display  character ist ic  (i.e.,  viewahility  of  displayed 
data;  placement  accuracy  and  display  completeness;  map  backgrounds; 
timeliness  and  ease  of  use;  and  reliability,  availability,  and  main- 
tainaoi I ity). 

2-6.  Specific  Automated  Oi splay  Requirements. 

a .  Genera  I . 

(i)  This  paragraph  states  specific  requirements  for  an  automated 
display  system.  The  requirements  apply  to  a  display  system  for  use  by 
commanders,  intelligence  <G2),  and  operations  (G3)  staff  personnel  in 
division  TOC’s. 

(2>  The  requirements  are  extracted  from  the  narrative  discussion 
in  paragraphs  2-3  and  2-4  of  this  section.  No  new  data  is  presented. 

The  requirements  and  supporting  rafionale  are  individually  identif’ad 
and  grouped  by  device  (i.e.,  interactive  graphic  display  console,  group 
display  output  device,  etc.).  The  list  of  requirements  collectively 
gathers  all  the  requirements  for  each  device  discussed  in  paragraphs  2-3 
and  2-4,  and  provides  a  ready  reference  for  the  interested  reader. 

Where  applicable,  each  requirement  and  rationale  is  identified  as  be  long¬ 
ing  to  one  of  five  furctional  categories: 

(a)  View&bility  of  displayed  data  (VDD). 

(b)  Placement  accuracy  and  display  completeness  (PADC). 

(c)  Map  backgrounds  (MB). 

(d)  Timeliness  and  ease  of  use  (TEU). 

(e)  Reliability,  availability,  and  maintainabi I ity  (RAM). 

(3)  The  words  "must”  or  "required"  are  used  to  indicate  essential 
requirements,  and  the  words  "should"  or  "desirable"  are  used  to  denote 
requirements  which  are  considered  highly  desirable  but  not  essential. 
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(4)  Since  this  paragraph  is  only  a  reorganization  of  the  require¬ 
ments  discussed  in  paragraphs  2-3  and  2-4  of  this  section,  the  reader 
may,  if  he  desires,  proceed  directly  to  section  III.  Section  Ml  is  an 
evaluation  of  how  well  the  three  different  automated  display  systems  met 
the  specific  requirements. 


b.  Automated  display  system  (general). 


(I)  Requirement  and  rationale  number  I. 

(a)  Requirement  I.  An  aufjmated  display  system  must  satisfy 
different  users  in  a  TOC. 


1  (b)  Rationale.  The  division  G2  and  the  G3  are  considered  separate 

j  users,  since  they  have  different  information  requirements.  The  require¬ 

ments  which  must  be  met  by  the  display  system  vary  depending  upon  the 
user.  Thus,  configurer Ion  of  the  components  required  to  satisfy  differ- 
1  ent  users  also  varies. 

i 

(2)  Requirement  and  rationale  number  2. 

(a)  Requirement  2.  As  a  minimum,  an  automated  display  system  must 
have  two  basic  components.  The  first  is  a  local  display  processor  which 
allows  the  receipt,  storage,  retrieval,  display,  and  manipulation  of 
data.  The  processor  also  controls  the  operation  of  the  other  hardware 
components  in  the  display  system.  The  second  basic  hardware  component 
is  the  interactive  graphic  display  console. 


(b)  Rationale.  The  functions  that  the  processor  must  perform 
dictate  thaf  it  be  separate  from  the  TOS  central  computer  and  that  it  be 
dedicated  solely  to  the  operation  of  the  display  system.  It  is  inef¬ 
ficient  and  impractical  to  require  the  TOS  central  computer  to  do  the 
display  data  processing  as  well  as  conlrol  ail  the  devices  of  the  system. 
The  problem  is  compounded  when  a  number  of  display  systems  are  linked  to 
TOS,  thus  multiplying  the  total  number  of  devices  to  be  controlled.  The 
separate  display  processor  is  not  only  more  user  responsive,  but  it  also 
acts  as  the  single  point  of  contacl  for  interaction  between  TOS  and  the 
display  system.  The  display  processor  also  facilitates  "stand-alone” 
operation  of  the  system  and  provides  a  built-in  CONOPS  benefit.  The 
interactive  graphic  display  console  is  the  primary  user  device  for 
display  of,  and  interaction  with,  computer  stored  dad a.  The  console 
features  which  make  this  possible  are  a  display  surface  dedicated  to  the 
presentations  of  displays  for  a  specific  user;  the  controls,  such  as 
keyboard,  joystick,  and  light  pen  with  which  the  user  can  recall, 
create,  modify,  or  delete  displays;  and  a  positive  visual  feedback  on 
the  display  surface  which  allows  the  user  to  monitor  display  manipula¬ 
tion. 

(3)  Requirement  and  rationale  number  3. 
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(a)  Requirement  3.  Software  should  receive  first  priority  in  the 
development  of  an  automated  display  system. 

(b)  Rationale.  This  does  not  mean  that  initial  emphasis  is  to  be 
placed  on  developing  detailed  logic  flow  diagrams.  Rather,  detailed 
answers  should  be-  obtained  for  the  question:  "Whaf  procedures  should  be 
designed  to  permit  the  user  to  meet  his  requirements  with  maximum  ease?”. 
The  answers  to  the  question  will  define  the  software  required.  The 
software  will  provide  vital  qui dance  concerning  hardware  type  and  con¬ 
figuration.  This  approach  defines  the  user’s  needs  and  identifies  the 
software  required  to  meet  these  needs  before  the  hardware  is  procured. 

The  logic  of  this  approach  is  better  than  the  common  practice  of  buying 
the  hardware  and  then  designing  software  to  fit  the  hardware.  Addition¬ 
ally,  software  comprises  the  bulk  of  system  development  cost,  and 
therefore,  should  receive  priority. 

(4)  Requirement  and  rationale  number  4. 

(a)  Requirement  4.  User  comments  must  be  actively  solicited  by 
the  hardware  and  software  designers  in  all  stages  of  system  development. 

(b)  Rationale.  The  user  is  the  most  important  element  in  the 
successful  design  of  an  automated  system.  Violation  of  this  requirement 
could  result  in  the  fielding  of  a  system  which  may  be  rejected  in  favor 
of  the  current  manual  operation  because  it  does  not  do  what  is  wanted, 
is  too  complicated  to  operate,  or  is  simply  too  cumbersome. 

(5)  Requirement  and  rationale  number  5. 

(a)  Requirement  5,  An  automated  display  system  is  required  to 
operate  in  a  field  environment,  under  all  weather  conditions.  It  must 
perform  the  display  functions  associated  with  mission  accomplishment  for 
command  and  staff  personnel  in  a  tactical  operations  center.  Key  com¬ 
ponents  of  the  system  are  required  to  operate  continuously  (24  hours  per 
day,  7  days  per  week)  for  varying  periods.  The  system  moves  whenever 
the  tactical  situation  dictates  that  the  TOC  must  displace.  The  system 
must  meet  high  standards  of  reliability,  availability,  and  maintain¬ 
ability.  The  equipment  must  be  rugqed,  compact,  lightweight,  and  it 
must  not  degrade  mobility  of  the  TOC.  The  operational  availability  of 
the  system  should  approach  100  percent.  This  should  take  into  account 
both  hardware  and  software  caused  failures. 

(b)  Rationale.  The  display  functions  of  an  automated  display 
system  involve  the  input,  processing,  manipulation,  storage,  retrieval, 
display,  and  output  of  data  contained  In  TOC  workinq  files  such  as  +he 
current  friendly  and  enemy  situation  files.  The  inability  to  perform 
one  or  more  of  the  above  functions  even  for  short  periods  (e.g.,  10  to 

20  minutes)  degrades  system  performance,  could  affect  mission  accomplish¬ 
ment,  and  is  undesirable. 


(6)  Requirement  and  rationale  number  6. 

(a)  Requirement  6.  Procedures  must  be  provided  to  facilitate 
continuity  of  operations  during  varying  degrees  of  system  performance 
degradation  and  during  system  displacement. 

(b)  Rationale.  The  TOG  must  continue  to  operate  during  total  or 
partial  system  failure  and  during  displacement. 

c.  Display  processor. 

(1)  Requirement  and  rationale  number  I  (RAM). 

(a)  Requirement  I.  The  display  processor  is  required  to  operate 
24  hours  a  day,  7  days  per  week,  for  varying  periods. 

(b)  Rationale.  The  display  processor  controls  the  operation  of  an 
automated  display  system.  The  system  components  which  It  controls 
become  inoperable  whenever  the  processor  fails.  Consequently,  the 
processor’s  reliability,  availability,  and  maintainability  requirements 
are  the  most  stringent. 

(2)  Requirements  and  rationale  number  2  (RAM). 

(a)  Requirement  2.  If  It  is  necessary  to  return  to  full  operation 
when  preventive  maintenance  is  being  performed,  +he  preventive  maintain- 
ance  must  be  completed  or  terminated  so  that  full  operation  is  restored 
within  15  minutes. 

(b)  Rationale.  Preventive  maintenance  actions  are  normally  sched¬ 
uled  during  periods  of  expected  decreased  activity  in  the  TOC.  However, 
•f  activity  should  pick  up,  it  must  be  possible  to  complete  or  terminate 
the  preventive  maintenance  so  that  full  operation  is  restored  within 

15  minutes.  Any  time  longer  than  this  could  severely  hamper  continuity 
of  operations  and  could  force  the  user  to  revert  to  some  other  method  of 
operation  to  replace  functions  performed  by  the  system. 

(3)  Requirement  and  rationale  number  3  (RAM). 

(a)  Requirement  3.  The  processor  must  be  designed  in  such  a 
manner  that  any  unscheduled  maintenance  action  takes  no  longer  than 
15  minutes.  This  time  Is  measured  from  the  moment  it  is  first  sensed 
that  the  system  is  down  until  the  system  is  aqain  operational.  The  +ime 
includes  fault  detection,  Isolation,  and  correclion  as  well  as  adminis¬ 
trative  and  supply  delays. 
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(b)  Rationale.  Any  time  longer  than  15  minutes  could  severely 
hamper  continuity  of  operations  and  could  force  the  user  to  revert  to 
some  other  method  of  operation  fo  replace  functions  performed  by  the 
system. 

d.  Interactive  graphic  a i splay  console  (individual  display). 

(I)  Requirement  and  rationale  number  !  (VUD). 

(a)  Requirement  I.  The  console  must  be  able  to  display  the 
64-character  ASCII  set;  the  FM  21-30  symbols  listed  below;  symbology 
added  to  the  symbol  generator  by  the  user;  circles;  ellipses;  and  free¬ 
hand  graphics  such  as  symbols  for  boundaries  and  axis  of  advance.  The 
following  symbols  should  be  a  part  of  the  permanent  symbol  generator. 

FM  21-30  illustrates  each  symbol  and  provides  examples  of  the  use  of  the 
symbo I s . 


Military  Unit  Symbols 

HEADQUARTERS 
CENTER  OF  MASS 
TRAINS 

NOTE:  Military  unit  symbols  must  be  displayed  as  actual  or  proposed. 
In  addition,  they  must  denote  whether  the  represented  unit  is  a  task 
force. 


AIRBORNE 

AIR  DEFENSE  ARTILLERY 

AIRMOBILE 

ANTITANK 

FIELD  ARTILLERY 


Branch  Duty  Symbols 

ARMOR 
AVIATION 
CAVALRY 
CHEMICAL 
ENGINEER,  BRIDGE 


ENGINEER 

INFANTRY 

MAINTENANCE 

PSYCHOLOGICAL  OPERATIONS 
SIGNAL 

TRANSPORTATION 


Graphic  Symbols 


OBSERVATION  POST 
COORDINATING  POINT 
MINE,  ANTITANK 
MINE,  ANTIPERSONNEL 
POL  POINT,  GROUND  (combat  service 
support  installation' 


AMMUNITION  SUPPLY  POINT,  ALL 
TYPES  (combat  service  support 
instal latlon) 

AID  STATION  (combat  service 
support  installation) 
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Lfne-Type  Graphic  Symbols 


SOLID  LINE  DASHED  LINE 

TRENCH,  BASIC  SYMBOL  TANK  OBSTACLE,  TYPE  UNSPECIFIED 

WIRE,  CONCERTINA,  SINGLE  LINE  OF  CONTACT  (defensive  frontline 

trace) 

(b)  Rationale.  Tactical  situation  displays  require  this  symbology 
as  a  minimum.  The  selection  of  the  symbols  for  inclusion  in  the  perman¬ 
ent  symbol  library  is  based  on  their  expected  frequency  of  use. 

(2)  Requirement  and  rationale  number  2  (VDD). 

(a)  Requirement  2.  A  minimum  of  three  colors  is  required.  Three 
colors  allow  friendly,  enemy,  and  control  measure  symbols  to  be  color 
coded.  Four  to  six  colors  are  desirable.  Color  selection  must  be  based 
upon  obtaining  a  nigh  degree  of  contrast  in  relation  to  the  map  back¬ 
grounds  the  symbols  will  be  displayed  upon. 

(b)  Rationale.  Distinction  of  friendly  symbols  from  enemy  symbols 
is  possible  on  a  one  color  display  by  means  of  shape  coding.  However, 
the  enhanced  ability  of  the  user  to  readily  distinguish  between  color 
coded  enemy,  friendly,  and  boundary  data  items  at  a  glance  is  required 
to  preclude  delay  in  thetr  discrimination.  Additional  colors  over  and 
above  three  allow  the  highlighting  of  selected  symbols  or  the  color 
coding  of  particular  categories  of  information.  The  selected  colors 
must  stand  out  from  the  map  background  data.  This  enhances  dynamic 
symbol  legibility. 

(3)  Requirement  and  rationale  number  3  (VDD). 

(a)  Requirement  3.  The  operator  should  be  able  to  easily  identify 
any  symbol  on  the  display  while  workinq  under  normal  office  lighting 

(70  foot-candles  at  desk  top  level).  Full  legibility  with  desk  lamps 
only  at  each  work  space  is  marginally  acceptable. 

(b)  Rationale.  The  console  will  generally  be  located  near  other 
staff  activities  which  require  at  least  70  foot-candles  of  ambient  light 
on  their  work  area  to  reduce  eyestrain  and  fatigue.  Also,  the  console 
operator  will  be  required  to  read  printed  or  handwritten  material  during 
the  course  of  his  duties. 

(4)  Requirement  and  rationale  number  4  (VDD). 

(a)  Requirement  4.  The  symbol  size  should  be  variable  upon 
operator  request.  However,  the  console  must  be  designed  with  one  opti¬ 
mum  symbol  size  in  mind. 
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(b)  Rationale.  The  capability  to  adjust  display  symbol  size  is 
desirable  but  not  absolutely  necessary.  It  would  allow  the  operator  to 
select  the  size  symbol  best  suited  for  a  particular  display.  One  optimum 
symbol  size  Is  required  to  facilitate  the  console  design. 

(5)  Requirement  and  rationale  number  5  (VDD). 

(a)  Requirement  5.  The  console  display  area  must  be  large  enough 
to  display  a  tactical  situation  (maximum  of  75  military  unit  symbols  for 
a  division)  with  a  minimum  amount  of  symbol  clutter,  but  it  must  not  be 
so  large  that  it  causes  the  operator  undue  eyestrain  or  head  movement. 

(b)  Rationale.  For  a  given  distance  from  the  display  surface, 
ihere  is  a  limit  on  how  much  area  an  individual  can  see  without  undue 
eye  or  head  movement.  Operator  eye  and  head  movement  are  influenced  by 
two  factors:  screen  size  and  operator  distance  from  the  screen.  If  is 
assumed  that  the  screen  will  be  localed  within  arm's  reach  of  the  operator. 

(6)  Requirement  and  rationale  number  6  (VDD). 

(a)  Requirement  6.  The  displayed  symbology  must  not  have  any  dis¬ 
cernible  f I icker. 

(b)  Rationale.  Flicker  causes  eyestrain. 

(7)  Requirement  and  rationale  number  7  (VDD). 

(a)  Requirement  7.  The  brightness  of  each  color  of  dynamic  symbol¬ 
ogy  and  each  color  representing  a  map  data  feature  should  be  controllable 
by  the  console  operator.  As  a  minimum,  the  operator  must  be  able  to 
vary  the  ovc~all  brightness  of  the  dynamic  symbology  and  the  overall 
brightness  of  the  map  background. 

(b)  Rationale.  Individual  color  brightness  control  allows  the 
operator  to  subdue  categories  of  information  which  at  a  particular 
moment  are  not  of  significant  interest  or  which  detract  from  other 
information.  Overall  brightness  control  allows  adjustment  to  suit  the 
ambient  light  environment. 

(8)  Requirement  and  rationale  number  8  (VDD). 

(a)  Requirement  8.  Fully  automatic  declufter  (offset)  without 
affecting  currently  displayed  symbols  upon  initial  display  (regardless 
of  whether  manually  created  or  received  from  TOS)  of  any  symbol  for  a 
military  unit,  spot  report,  sensor  locations,  etc.,  is  required.  The 
declutter  lines  must  be  directly  attached  to  the  symbol. 
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(b)  Rationale.  The  operator  should  not  be  burdened  with  having  to 
manually  dec  I ul ter  newly  entered  symbols.  Currently  displayed  symbols 
should  not  be  affected.  This  prevents  the  operator's  perspective  from 
being  upset. 

(9)  Requirement  and  rationale  number  9  (VDD). 

(a)  Requirement  9.  The  operator  should  be  able  to  cause  a  complete, 
-automatic  redeclutter  of  the  display.  The  redeclutter  should  relocate 
symbols  based  upon  the  criteria  of  the  shortest  possible  declutter  ilms 
and  no  symbol  overlap.  Each  symbol  should  be  considered  equally. 

Priority  of  entry  should  have  no  effect. 

(b)  Rationale.  The  deciutter  of  symbols  in  the  display  may  at 
times  become  very  unsightly  due  to  long  declutter  lines.  Autmoatlc 
redeclutter  allows  the  operator  to  quickly  obtain  the  best  possible 
display. 

(10)  Requirement  and  rationale  number  10  (VDD). 

(a)  Requirement  iO.  Co-located  military  unit  headquarters  must  be 
automatical !y  stacked  before  being  dec I  uttered  upon  initial  display. 

lb)  Rationale.  Stacking  aids  the  user  in  rapidly  distinguishing 
headquarters  which  are  co- located. 

(11)  Requirement  and  rationale  number  II  (PADC). 

(a)  Requirement  II.  Data  items  superimposed  against  a  map  back¬ 
ground  on  the  Interne. five  graphic  display  console  must  appear  to  be  no 
more  than  100  meters  from  the  specified  map  location.  This  100-meter 
limit  applies  for  any  method  of  data  item  location:  keyboard  coordinate 
entry,  coordinates  transmitted  from  an  outside  ADP  source,  prints  trans¬ 
mitted  from  the  map  overlay  Input  device,  or  direct  entry  by  pointing  to 
the  location  on  the  console  display.  The  limit  applies  regardless  of 
the  size  of  the  area  of  coverage  belna  viewed. 

(b)  Rationale.  Current  manual  procedures  for  plotting  symbols 
against  the  1:50,000  scale  standard  military  map  have  an  inherent  plot¬ 
ting  accuracy.  The  averaqe  individual  updating  a  map  in  the  TOG  will, 
with  few  exceptions,  position  a  given  symbol  within  100  meters  of  Its 
specified  map  location.  Most  display  users  In  the  operations  and  intel¬ 
ligence  sections  of  the  TOC  are  concerned  with  the  effect  that  symbol 
placement  accuracy  has  on  the-  evaluation  of  the  positional  relationships 
of  the  displayed  symbols.  While  some  users  may  require  qreater  accuracy, 
the  Inherent  accuracy  of  manual  map  postlnq  is  acceptable  to  most  users 
in  the  TOC. 
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J 1 2 )  Requirement  and  rationale  number  12  (PADC). 

(a)  Requirement  12.  Exact  entry  coordinates  of  data  i tem  locations 
entered  by  keyboard  or  by  coordinates  from  an  outside  ADP  source  must  be 
displayed  upon  request. 

(b)  Rationale.  The  user  should  always  have  the  option  of  referring 
to  the  coordinate  that  originated  a  data  item's  location. 

(13)  Requirement  and  rationale  number  13  (PADC). 

(a)  Requirement  13.  For  data  items  entered  by  pointing,  as  well 
as  locations  entered  via  the  map  overlay  input  device,  the  coordinate 
provided  in  reply  to  a  query  must  be  no  more  than  100  meters  from  the 
data  item's  apparent  map  location. 

(b)  Rationale.  The  input  of  data  items  by  either  of  these  methods 
should  meet  the  100-meter  accuracy  requirement. 

(14)  Requirement  and  rationale  number  14  (PADC). 

(a)  Requirement  14.  Data  items  located  with  single  poinfs  must  be 
completely  displayed  if  the  point  is  inside  the  selected  area  of  coverage 
This  may  require  the  automatic  dec  I  uttering  of  the  data  item  to  ensure 
that  the  entire  item  appears  in  the  area  of  coverage  such  as  when  a 
military  unit  is  at  the  top  edge  of  the  background.  If  any  part  of  a 
multiple-point  data  item  is  in  the  selected  area  of  coverage,  that  part 
within  the  area  of  coverage  must  be  displayed.  The  part  to  be  displayed 
must  include  all  poinfs  of  the  data  item  up  to  and  including  those  at 
the  intersection  of  the  item  with  an  edge  of  the  map  background. 

(b)  Rationale.  An  incomplete  display  is  unacceptable. 

(15)  Requirement  and  rationale  number  15  (PADC). 

(a)  Requirement  15.  Incoming  messages  (from  an  outside  ADP 
source)  which  contain  branch  duty  symbols  not  in  the  system's  permanent 
branch  symbol  library,  must  display  at  least  the  first  four  alphanumeric 
characters  of  the  branch  duty  designation  (from  the  incoming  messages) 
inside  the  rectangle  where  the  branch  duty  symbol  normally  appears. 

(b)  Rationale.  This  precludes  the  requirement  for  the  system  to 
contain  all  FM  21-30  branch  duty  symbols  in  its  permanent  library.  Many 
branch  duty  symbols  are  used  so  seldom  that  their  inclusion  in  the 
library  would  be  vet  y  inefficient  from  a  software  and  hardware  design 
stand-point. 


{ 16)  Requirement  and  rationale  number  16  (MB). 

(a)  Requirement  16.  An  interactive  graphic  display  console  must 
be  capable  of  displaying  map  backgrounds  for  the  three  uses  described 
below: 

I  Comprehension  of  +he  overall  situation.  For  this  purpose  the 
user  Ts  not  interested  in  being  able  to  read  all  detail  on  the  standard 
military  topographic  map,  but  he  uses  the  map  to  provide  general  orien¬ 
tation  for  the  superimposed  symbology. 


2  More  detailed  inspection  of  the  terrain  at  or  in  the  vicinity  of 
a  superimposed  symbol  or  symbols.  In  this  case  the  user  is  Interested 
in  a  more  exact  relationship  of  the  symbols  to  the  terrain. 

3  Terrain  analysis  without  superimposed  symbology.  For  example, 
when  selecting  the  best  terrain  upon  which  to  establish  a  defense  or 
when  pla'ir  mg  a  route  of  movement,  the  user  wants  to  view  the  map  back¬ 
ground  wilt  no  superimposed  dynamic  symbology. 

(b)  Rationale.  Map  backgrounds  are  used  in  the  TOC  tor  the  three 
purposes  described.  A  map  background  is  an  essential  part  of  any  tac¬ 
tical  situation  display.  The  display  of  the  situation  is  relatively 
useless  unless  the  symbology  Is  superimposed  upon  a  map  background, 
thereby  orienting  the  symbology  to  the  terrain. 

(17)  Requirement  and  rationale  number  17  (MB). 
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(a)  Requirement  17.  Map  backgrounds  based  on  the  UTM  grid  system 
will  normally  be  displayed  on  the  console.  However,  the  console  should 
be  able  to  accomodate  other  military  grid  systems.  The  UTM  grid  system 
requires  that  the  console  be  able  to  display  areas  of  coverage  which 
include  the  junction  of  two  or  more  map  sheets  and  the  junction  of  two 
or  more  100,000-meter  grid  zones. 

(b)  Rationale.  Maps  having  the  UTM  qr  d  system  are  used  In  TOC’s. 
Situation  maps  are  frequently  made  up  of  two  or  more  adjacent  map  sheets. 

(IB)  Requirement  and  rationale  number  18  (MB). 


(a)  Requirement  18.  The  console  must  be  able  to  display  an  area 
of  roveraqe  large  enouqh  to  permit  superimposing  dynamic  symbol ogy  for 
most  user  tactical  situations  displays.  User  data  indicates  that  an 
area  at  least  50  kilometers  by  50  kilometers  is  required  for  an  ovprall 
situation  display  of  an  armored  or  mechanized  division.  The  console 
screen  must  be  designed  to  provide  this  area  of  coverage. 
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(b)  Rationale.  The  user  must  have  a  map  background  area  of  cover¬ 
age  of  sufficient  size  to  depict  tactical  situation  displays. 

(19)  Requirement  and  rationale  number  19  (MB). 

(a)  Requirement  19.  It  Is  assumed  that  the  screen  Is  within  arm’s 
reach  of  the  operator.  The  operator  must  view  the  entire  screen  Image 
area  from  this  distance  without  undue  eye  and  head  movement. 

(b)  Rationale.  The  arm's  reach  distance  makes  any  symbol  on  the 
screen  convenient  to  point  at  or  otherwise  interact  with.  Minimal  eye 
and  head  movement  minimizes  operator  eyestrain  and  fatigue. 

(20)  Requirement  and  rationale  number  20  (MB). 

(a)  Requirement  20.  When  the  user  changes  the  area  of  coverage 
displayed  on  the  screen,  user  specified  dynamic  symbology  in  the  new 
area  of  coverage  must  be  automatically  displayed  on  the  new  area  at  the 
appropriate  map  locations.  This  requirement  applies  if  the  new  area  is 
a  magnification  of  a  small  portion  of  the  old  area,  if  it  includes  all 
or  a  portion  of  the  old  area,  or  if  it  does  not  include  any  portion  of 
the  old  area. 


(b)  Rationale.  This  allows  the  user  to  go  from  one  background 
area  to  another  without  having  to  recreate  the  tactical  situation  display. 


(21)  Requirement  and  rationale  number  21  (MB). 

(a)  Requirement  21.  Map  backgrounds  displayed  on  the  console 
screen  must  be  fully  legible  under  the  ambient  light  specified  in  require¬ 
ment  3  above  for  dynamic  symbology  legibility.  Full  legibility  is 
defined  as  the  ability  of  the  operator  to  easily  identify  each  and  every 
item  of  map  data  displayed. 

(b)  Rationale.  A  data  item  which  is  not  legible  is  of  no  Infor¬ 
mational  value. 


(22)  Requirement  and  rationale  number  22  (MB). 

(a)  Requirement  22.  Tho  console  operator  should  be  able  to  vary 
the  brightness  of  each  color  representing  a  map  feature  (e.g.,  roads, 
vegetation,  rivers).  He  must,  as  a  minimum,  be  able  to  vary  the  overall 
brightness  of  the  map  background. 

(b)  Rationale.  This  capability,  combined  with  the  ability  to 
independently  vary  the  intensity  of  the  dynamic  symbology,  allows  the 
user  to  concentrate  on  dynamic  symbology  or  map  data  as  desired. 
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(23)  Requirement  and  rationale  number  23  (MB). 

(a)  Requirement  23.  Ideally,  the  user  should  be  able  to  obtain 
the  desired  area  of  background  coverage  by  providing  the  system  with  the 
coordinates  of  any  two  diagonal  corner  points. 

(b)  Rationale.  This  allows  the  user  to  tailor  the  area  to  the 
particular  situation. 

(24)  Requirement  and  rationale  number  24  (MB). 

(a)  F.equirement  24.  The  operator  must  have  the  option  of  numbering 
or  otherwise  identifying  a  map  background  area  which  he  defines  by  two 
diagonal  corner  points. 

(b)  Rationale.  This  allows  the  operator  to  conveniently  recall 
specific  backgrounds. 

(25)  Requirement  and  rationale  number  25  (MB). 


(a)  Requirement  25.  Ideally,  the  user  should  be  able  to  tailor 
the  level  of  map  detail  to  the  situation  by  being  able  to  display  specific 
map  features  (grid  lines,  roads,  contours,  rivers,  etc.)  individually, 
or  in  combination,  for  the  defined  area  of  coverage.  For  each  specific 
map  feature,  the  user  should  be  able  to  select  more  or  less  detail 
(e.g.,  grid  lines  I ,  5,  or  10  kilometers  apart;  primary  roads  only,  or 
primary  and  secondary  roads;  or  contour  intervals  of  100,  200,  or 
500  meters). 


(b)  Rationale.  This  ability,  along  with  the  ability  to  specify  a 
map  area  of  coverage  by  two  diagonal  corner  points,  permits  the  user  to 
tailor  a  map  background  for  any  situation. 


N0TF:  A  state-of-the-art  technique  which  can  be  employed  to  display  map 
data  is  the  use  of  discrete  on-line  backgrounds,  selectively  retrievable, 
which  contain  variation  in  both  area  of  coverage  and  level  of  map  detail. 
Tfu'A  ti  not  the.  optimum  solution  but  may  have  to  be  accepted  until 
technology  permits  attainment  of  the  ideal  specified  in  requirements  23 
and  25  above.  If  discrete-on-line  backgrounds  are  employed,  require¬ 
ments  26  through  32  apply. 


(26)  Requirement  and  rationale  number  26  (MB). 


(a)  Requirement  26.  The  available  backgrounds  must  be  on-line  and 
retrievable  within  1 6  seconds.  The  capability  to  retrieve  and  display 
a  background  within  5  seconds  is  highly  desirable.  Additionally,  the 
user  must  be  able  to  add  to  or  delete  from  the  number  of  available 
backgrounds. 
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(b)  Rationale.  Rapid  background  changes  provide  flexibility. 

Fifteen  seconds  is  the  maximum  time  that  a  user  can  be  expected  to  wait 
without  inconvenience  for  the  retrieval  of  a  background. 

(27)  Requirement  and  rationale  number  27  (MB). 

(a)  Requirement  27.  Registration  of  a  new  background  (i.e., 
defining  for  the  system  the  limits  of  the  area)  must  require  the  operator 
to  only  point  at  and  input  the  UTM  coordinates  of  any  two  grid  inter¬ 
sections  diagonally  located  in  relation  to  each  other.  The  background 
must  not  have  to  be  exactly  horizontal,  ver+ical,  or  centered.  Once 
registered,  the  background  must  be  available  for  display  without  re¬ 
registration  each  time  it  is  retrieved. 

(b)  Rationale.  This  provides  the  user  maximum  ease  of  use  when 
registering  a  discrete  map  background. 

(28)  Requirement  and  rationale  number  28  (MB). 

(a)  Requirement  28.  Backgrounds  to  be  used  for  display  of  the 
ovefsaJU  division  situation  must  have  an  area  of  coverage  no  less  than 
50  kilometers  by  50  kilometers. 

(b)  Rationale.  The  required  area  of  coverage  for  portraying  most 
division  tactical  situations  is  at  least  50  kilometers  by  50  kilometers. 

(29)  Requirement  and  rationale  number  29  (MB). 

(a)  Requirement  29.  The  map  data  on  maps  useo  for  comprehension 

of  the  ovQtoJtZ  situation  (requirement  16)  must  be  enhanced  or  highlighted. 
Letters  and  numbers  may  have  to  be  larger  than  those  found  on  the  standard 
military  topographic  map. 

(b)  Rationale.  All  detail  on  displayed  map  backgrounds  must  be 
fully  legible. 

(50'*  Requirement  and  rationale  number  30  (MB). 

(a)  Requirement  30.  Backgrounds  with  selected  combinations  of  map 
detail  are  required. 

(b)  Rationale.  Maps  with  varying  levels  of  map  detail  provide 
flexibility. 

(31)  Requirement  and  rationale  number  31  (MB). 

(a)  Requirement  31.  Background  coverage  overlap  must  be  provided. 
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(b)  Rationale.  This  allows  for  continuity  of  background  coverage 
when  changing  background  areas. 

(32)  Requirement  and  rationale  number  32  (MB). 

(a)  Requirement  32.  Backgrounds  which  magnify  smaller  portions  of 
the  50-kilometer  by  50-kilometer  backgrounds  must  be  provided.  A  suffi¬ 
cient  number  (four  to  nine  may  be  sufficient  depending  upon  the  size  of 
the  screen  and  the  map  area  of  coverage)  of  blowups  should  be  available 

so  that  the  composite  area  of  each  50-kilometer  by  50-kilometer  background 
can  be  shown  in  magnified  form.  The  blowups  need  not  overlap  but  must 
contain  no  less  detail  than  that  found  on  the  1:50,000  scats  topographic 
map.  When  the  blowups  are  displayeJ,  they  must  be  fully  legible. 

(b)  Rationale.  These  blowups  provide  the  greater  level  of  map 
detail  necessary  for  a  more  detailed  inspection  of  the  map  background 
data  either  with  or  without  superimposed  symbology. 

(33)  Requirement  and  rationale  number  33  (TEU). 

(a)  Requirement  33.  The  console  operator  must  be  able  to  add, 
delete,  correct,  move,  and  declutter  (offset)  any  tactical  situation 
display  data  item.  Instantaneous  visual  feedback  of  the  operator's 
actions  is  required  for  all  manipulations. 

(b)  Rationale.  Without  the  ability  to  manipulate  data  items,  the 
console  would  not  be  an  interactive  device.  Console  ease  of  use  is 
greatly  enhanced  by  the  instantaneous  visual  feedback  of  all  manip¬ 
ulations. 

(34)  Requirement  and  rationale  number  34  (TEU). 

(a)  Requirement  34.  The  console  operator  must  have  some  means  for 
positioning  newly  created  or  moved  data  items.  There  are  two  basic 
methods  for  positioning  a  data  item.  One  lethod  the  use  of  a  map 
background  to  "eyeball"  the  desired  location.  This  position  Is  then 
indicated  to  the  system  by  pointing.  The  other  method  is  by  keyboard 
entry  of  the  coordinates.  The  console  must  give  the  operator  the  option 
of  using  either  method.  The  first  method  is  generally  used  when  the 
exact  location  is  not  critical  or  when  the  position  needs  to  be  deter¬ 
mined  through  map  inspection.  Coordinate  entry  is  used  for  those  items 
with  specific  coordinates.  Coordinate  entry  must  not  require  grid  zone 
designation  (entry  of  grid  zone  designation  should  be  optional).  Addi¬ 
tionally,  it  must  allow  a  4-,  6-,  or  8-digit  entry  depending  upon  oper¬ 
ator  preference.  The  map  currently  displayed  can  he  used  by  the  system 
to  interpret  the  coordinates  entered  by  the  operator. 
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(b)  Ratiomle.  Operator  interaction  with  a  tactical  situation 
display  requires  a  means  for  positioning  newly  created  or  moved  items. 
Coordinate  entry  iri  accord  with  operator  preference  enhances  system  ease 
of  use. 

(35)  Requirement  and  rationale  35  (TEU). 

(a)  Requirement  35.  Some  means  for  indicating  which  item  in  the 
display  is  to  be  deleted,  corrected,  moved,  or  dec  I  uttered  Is  required. 

Ihe  preferred  method  is  to  point  at  the  item.  Ideally,  the  operator 
should  be  able  to  indicate  which  item  is  to  be  manipulated  hy  touching 
it  wi fh  his  finger,  provided  the  technology,  cost,  and  complexity  of 
implementation  support  this  method.  Other  less  desirable  (but  state-of- 
the-art)  methods  for  pointing  are  light  pens  and  trackball-  or  joystick- 
control  led  cursors. 

(b)  Rationale.  Data  mar*  i  pit  la  t  ion  requires  a  means  for  indicating 
which  da+a  item  is  ro  be  manipulated. 

(36)  Reqiirement  and  rationale  number  36  (TEU). 

la)  Requirement  36.  The  system  must  lead  the  operator  through 
eauh  he,  step  of  the  operating  pro.edu re.  For  example,  if  function 
pu- hbcttons  are  used,  the  system  could  be  programed  to  light  appropriate 
pushbuttons  ro  show  the  operator  his  choice  of  alternatives  at  each  step 
in  iho  procedure.  In  this  case,  the  pushbuttons  should  be  in  a  color 
selected  to  identify  them  as  available  alternatives  and  to  differentiate 
them  from  pushbuttons  which  are  merely  activated. 

(b)  Rationale.  This  feature  reduces  procedural  errors  and  the 
amount  of  instruction  required  for  operator  training. 

NOIE:  The  tc ! lowing  procedure  requ • rem'Vits  (requirements  37  through  54) 
are  presented  <v>  a  guide  ncutboA  that<  as  i\  him  .  The  procedures 

serve  two  purposes.  The  first  purpose  is  to  outline  the  interactive 
capabtiitt e6  that  automated  display  systems  must  have  ft  effectively 
assist  the  user  in  meeting  his  information  display  requirements.  The 
second  purpose  is  to  illustrate  the  degree  o4  sSmpticiti f  that  each 
procedure  should  have.  The  two  primary  taciors  which  must  be  considered 
in  the  design  of  operating  procedures  are  the  Case  with  which  the  pro¬ 
cedures  can  be  learned  and  the  esse  with  which  tnev  can  be  used.  It 
will  be  noted  that  the  procedures  use  function  pushbuttons.  The  pref¬ 
erence  for  pushbuttons  is  not  intended  to  mean  Ihm  pushbuttons  are  to 
be  used  for  every  step  in  each  procedure  present-ad,  in  foci,  the  total 
number  of  pushbuttons  required  may  be  excessive  if  pushbuttons  are  used 
exclusively  for  the  implementation  of  all  the  procedures  presented. 
Pushbuttons  merely  provide  a  convenient  means  of  standardizing  the 
description  of  the  procedures.  A  human  engineering  study  is  required  to 
determine  the  best  design  for  incorporating  the  procedures  to  be  used. 
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The  optimum  design  may  involve  the  use  of  pushbuttons  in  conjunction 
with  other  techniques.  For  example,  pushbuttons  could  be  used  when  the 
steps  in  a  procedure  are  few  or  to  initiate  the  key  steps  of  a  long 
procedure.  "Menu  selection"  or  some  other  appropriate  technique  could 
be  employed  (after  the  step  is  initiated  by  a  pushbutton)  if  the  use  of 
pushbuttons  for  subsequent  procedure  s+eps  would  be  impractical  or 
inefficient  when  considered  In  the  context  of  the  overall  design.  The 
pushbuttons  used  in  the  description  of  the  procedures  can  be  Illuminated 
and  are  either  on  (lit)  or  off  depending  on  their  state  before  the 
operator  touches  them.  This  gives  the  operator  positive  feedback  that 
his  interaction  has  been  sensed  by  the  computer.  It  also  provides  a 
ready  reference  as  to  which  pushbuttons  are  currently  activated.  In 
addition,  the  computer  is  able  to  light  or  turn  off  any  and  all  push¬ 
buttons.  This  feature  assists  in  leading  the  operator  through  the  key 
steps  of  an  operating  procedure  by  allowing  the  computer  to  indicate  (by 
blinking  or  color  change)  the  possible  pushbutton  selections  in  an 
operolional  sequence.  Any  technique  used  in  lieu  of  pushbuttons  should 
also  lead  the  operator  through  the  key  steps  of  the  operating  procedures. 

(37)  Requirement  and  rationale  number  37  (TEU). 

(a)  Requirement  37.  Data  item  creation  should  require  a  procedure 
similar  to  that  listed  below: 

£  Press  the  CREATE  data  item  pushbutton. 

2  Select  the  categories  the  data  item  will  be  a  member  of  by 
pressing  the  appropriate  category  pushbuttons.  (See  requirement  47 
below. ) 

2  Press  one  of  three  data  type  pushbuttons:  A/N,  MILITARY  SYMBOL, 
or  GRAPHIC. 

2  Press  the  desired  color  pushbutton  (e.g.,  RED  for  red). 

5  Point  to  the  desired  location  on  the  screen  or  type  in  the 
coordTnate  location.  (There  should  be  visual  feedback  whenever  a  coor¬ 
dinate  is  being  typed.) 

6  Create  the  desired  item  by  using  the  procedure  discussed  in  the 
following  subparagraphs  for  that  data  type. 

a  Alphanumerics. 

(j_)  Alphanumerics  are  most  effectively  created  with  the  ASCII  key¬ 
board.  A  special  key  for  the  coordinate  position  dot  associated  with 
some  alphanumerics  (e.g.,  •  TANK,  •  TRUCK)  must  be-  provided,  since  the 
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ASCII  period  does  nol  stand  out  and  i is  location  is  generally  not  pre¬ 
cise.  A  marker  must  appear  on  the  screen  to  indicate  to  the  operator 
the  position  of  the  next  character  to  be  added/ 

(2)  The  abilily  to  space  left,  right,  up,  and  down  is  required  to 
allow  the  operator  to  format  the  data  item  to  suit  his  n^sds.  He  must 
also  be  able  to  backspace  in  order  to  make  corrections. 


b  Military  unit  symbols. 


(i)  In  creating  military  unit  symbols,  pushbuttons  should  be  used 
to  select  a  headquarters,  center  of  mass,  or  trains  symbol.  If  the 
symbol  is  to  depict  a  proposed  or  task  force  symbol,  the  appropriate 
pushbuttons  should  be  pressed.  Branch  duty  symbol  selection  is  then 
accomplished  by  pressing  a  pushbutton.  The  following  branch  duty  symbol 
pushbuttons  should  be  provided: 


AIRBORNE 

ARMOR 

AIR  DEFENSE  ARTILLERY 

AVIATION 

AIRMOBILE 

CAVALRY 

ANTITANK 

CHEMICAL 

FIELD  ARTILLERY 

ENGINEER,  BRIDGE 

TRANSPORTATION 

ENGINEER 
I NFANTRY 
MAINTENANCE 

phychological 

OPERATIONS 

SIGNAL 


(2)  At  least  10  additional  pushbuttons  must  be  provided  for  oper¬ 
ator  created  branch  duty  symbols.  (See  requirement  42  below  for  creation 
procedures.)  The  operator  must  have  the  option  of  superimposing  at 
least  two  branch  symbols  (e.g.,  armor,  infantry)  in  the  creation  ot  a 
military  unit  symbol.  An  easily  identifiable  point  such  as  the  lower 
left  corner  of  the  flag  should  be  established  as  the  location  of  flag 
symbols  with  no  staffs.  The  system  should  lead  the  operator  through  the 
addition  of  the  left  and  right  identifications  and  the  echelon.  A 
marker  must  advance  automatically  to  each  of  these  locations.  Each 
location  must  allow  for  the  entry  of  up  to  four  ASCII  characters. 


c  Graphics. 

(I)  The  creation  of  graphic  items  such  as  boundaries,  frontline 
traces7  trench  lines,  and  freehand  symbols  by  a  series  of  short  line 
segments  must  be  possible  by  both  pointing  and  coordinate  location.  The 
procedure  should  require  only  that  the  operator  specify  the  points  of 
inflection,  the  end  point,  and  fhe  type  graphic  (e.g.,  solid  line, 
dashed  line,  trench  symbol)  being  created.  The  following  line-type 
graphic  symbol  pushbuttons  should  be  provided: 


SOLID  LINE 

TRENCH,  BASIC  SYMBOL 
WIRE,  CONCERTINA,  SINGLE 


DASHED  LINE 

TANK  OBSTACLE,  TYPE  UNSPECIFIED 
LINE  OF  CONTACT  (defensive  front¬ 
line  trace) 
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At  least  two  additional  pushbuttons  must  be  provided  for  operator  creat¬ 
ed  I ine-type  graphic  symbols.  (See  requirement  44  below  for  creation 
procedures.)  The  system  should  automatically  connect  the  points  with 
the  line  type  selected.  In  the  case  where  pointing  is  used  to  specify 
coordinate  location,  it  is  desirable  to  have  a  rubber  band  line  segment 
effect  which  allows  the  operator  to  see  where  the  line  will  be  before 
fixing  the  inflection  point. 


(2)  The  creation  of  circles  or  ellipses  should  be  indicated  to  the 
sysfem~by  pressing  the  CIRCLE  or  ELLIPSE  pushbutton.  The  operator  then 
indicates  the  radius  or  major  arid  minor  axes  by  pointing  to  their  par¬ 
ticular  locations  on  the  screen.  A  continuously  visible  size  variation 
ability  at  this  point  is  desirable, 

C5)  The  creation  of  individual  graphic  symbols  such  as  mines  and 
control  points  should  use  pushbuttons  for  the  selection  of  the  desired 
symbol.  The  following  graphic  symbol  pushbuttons  should  be  provided: 


OBSERVATION  POST 

COORDINATING  POINT 

MINE,  ANTITANK 

MINE,  AN FI  PERSONNEL 

POL  POINT,  GROUND  (combat 

service  support  installation) 


AMMUNITION  SUPPLY  POINT,  ALL  TYPES 
(combat  service  support  installations) 
AID  STATION  (combat  service  support 
insta 1 1  at  ion) 


At  least  five  extra  pushbuttons  must  be  provided  for  operator  created 
individual  graphic  symbols.  (See  requirement  43  below  for  creation 
procedures.)  The  coordinate  location  of  the  symbols  will  be  assumed  to 
be  at  their  center. 


7  If  the  opera+or  desires  to  start  over  at  any  poinf,  he  should 
only  have  to  press  the  ABORT  pushbutton.  This  returns  the  console  to 
the  operational  state  it  was  in  before  the  CREATE  pushbutton  was  pressed. 

3  Press  the  COMPLETE  pushbutton.  This  should  leave  the  previously 
selected  CREATE,  category,  symbol  type,  and  color  pushbuttons  lit.  The 
operator  can  then  create  several  data  items  of  the  same  type  without 
reselection.  He  should  also  have  the  option  of  reselecting  categories, 
symbol  type,  or  color  at  any  time  before  the  COMPLETE  pushbutton  is 
pressed.  The  CREATE  pushbutton  will  remain  activated  until  the  operator 
turns  it  off. 


(b)  Rationale.  Procedures  musf  require  a  minimum  amount  of  oper- 
afor  effort  and  training. 

(38)  Requirement  and  rationale  number  38  (TEL1). 

(a)  Requirement  38.  The  procedure  for  correcting  data  items  in  a 
display  should  be  similar  to  that  listed  in  the  following  subparagraphs* 
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J_  Press  the  CORRECT  data  item  pushbu+ton. 

2_  Point  out  the  item  to  be  corrected.  (Visual  feedback  as  to 
which  symbol  was  selected  should  occur.) 

_5  Correct  the  symbol  by  using  the  procedure  discussed  in  the 
following  subparagraphs  for  that  type  item.  If  a  color  change  is  all 
the  operator  desires,  he  should  only  have  to  press  the  appropriate  color 
pushbutton. 

a  Alphanumerics,  Alphanumeric  correction  must  allow  for  advancing 
or  backspacing  to  any  character  in  the  data  item.  A  marker  must  indic¬ 
ate  which  character  «»  i  I  i  be  changed  if  an  ASCII  key  is  pressed. 

Military  unit  symbols.  The  procedure  for  military  unit  symbol 
correct i o-.  •''ust  also  use  a  marker  to  indicate  tc  the  operator  which 
portion  of  the  symbol  the  system  Is  ready  to  change.  The  marker  under 
operator  control  either  advances  or  backspaces  through  the  parts  which 
make  up  the  data  item  (flag,  branch,  identifications,  echelon).  This 
allows  him  to  change  any  or  ail  parts  of  the  item. 

£  Graphics.  Line  segmeni  graphic  item  correction  is  much  like  the 
correction  of  alphanumerics  and  military  unit  symbols  as  a  marker 
indicates  1o  the  operator  which  inflection  point  the  system  is  ready  to 
change.  The  graphic  type  (i.e.,  solid  line,  trenches)  is  also  subject- 
to  change.  Correction  of  circle  radiuses  or  ellipse  major  ar.d  minor 
axes  requires  indicating  the  new  radius  or  axis  by  pointing  at  its 
location  on  the  screen.  Correction  of  individual  graphic  symbols  (i.e., 
mines,  control  points)  should  only  require,  pressing  the  pushbutton  for 
the  desired  symbol. 

£  If  the  operator  desires  to  start  over  again  he  should  only  have 
fo  press  an  ABORT  pushbutton. 

5  Press  the  COMPLETE  pushbutton.  The  console  should  return  to  the 
operational  state  which  existed  prior  to  pressing  CORRECT. 

(b)  Rationale.  Procedures  must  require  a  minimum  amount  of  oper¬ 
ator  effort  and  training. 

(39)  Requirement  and  rationale  number  39  (TEU). 

(a)  Requirement  39.  The  procedure  for  movinq  a  data  item  applies 
to  all  data  types  except  line  segment  graphics  and  should  be  similar  to 
the  procedure  listed  below: 

J_  Press  the  MOVE  data  item  pushbutton. 

2  Point  out  the  item  to  be  moved.  (Visual  feedback  as  to  which 
item  was  selected  should  occur.) 

Point  to  the  desired  new  location  on  the  screen  or  type  in  the 
coordinate  location.  (There  should  he  visual  feedback  of  the  coordinate 
being  typed.) 
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£  If  the  operator  desires  to  start  over  at  any  point  he  should 
only  have  to  press  the  ABORT  pushbutton. 

3  Press  the  COMPLETE  pushbutton.  The  console  should  return  to  the 
operational  sta+e  which  existed  prior  to  pressing  MOVE. 

(b)  Rationale.  Procedures  must  require  a  minimum  amount  of  oper¬ 
ator  effort  and  training. 

(40)  Requirement  and  rationale  number  40  (TCU). 

(a)  Requirement  40.  The  procedure  for  decluttering  (offsetting)  a 
data  item  applies  to  all  data  types  except  graphics  and  should  be  similar 
to  the  procedure  listed  below: 

1  Press  the  DECLUTTER  data  item  pushbutton. 

2  Point  out  the  item  to  be  dec  I  uttered.  (Visual  feedback  as  to 
which  item  was  selected  snould  occur.) 

£  Move  ihe  item  to  the  desired  new  location.  The  item  must  appear 
to  move  with  the  pointer.  This  helps  the  operator  to  position  it  in  the 
least  cluttered  area  of  the  screen.  A  line  will  appear  between  the 
item’s  offset  location  and  its  true  location. 

£  If  the  operator  decides  not  to  declutter  the  item  after  all,  he 
should  only  have  to  press  +he  ABORT  pushbutton. 

£  Press  the  COMPLETE  pushbutton.  The  DECLUTTER  pushbutton  should 
remain  activated  until  the  operator  turns  it  off. 

(b)  Rationale.  Procedures  must  require  a  minimum  amount  of  oper¬ 
ator  effort  and  training. 

(41)  Requirement  and  rationale  number  41  ( TEU) . 

(a)  Requirement  41.  The  procedure  for  deleting  a  data  item  applies 
to  all  data  types  and  should  be  similar  to  that  listed  below: 

£  Press  the  DELETE  data  item  pushbutton. 

2  Point  out  the  item  or  items  to  be  deleted.  More  than  one  item 
can  be  deleted  at  a  time.  As  each  item  is  pointed  to,  it  must  disappear 
(rom  the  display. 

£  If  the  operator  decides  not  to  delete  the  items  selected,  he 
should  have  the  option  of  pressing  the  ABORT  pushbutton,  thereby  re¬ 
storing  all  the  temporarily  deleted  symbols. 
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4  Press  the  COMPLETE  pushbutton.  The  console  should  return  to  ihe 
operaTionnl  state  which  existed  prior  to  pressing  DELETE. 

(b)  Rationale.  Procedures  must  require  a  minimum  amount  of  oper¬ 
ator  effort  and  training. 

(42)  Requirement  and  rationale  number  42  (TEU). 

(a)  Requirement  42.  The  console  must  allow  the  user  to  create  at 
least  10  branch  duty  symbols.  Each  created  symbol  must  be  associated 
with  a  particular  pushbutton  on  the  console.  Tne  pushbuttons  are  used 

in  exactly  the  same  manner  as  the  permanent  branch  duty  symbol  pushbuttons 
in  the  creation  and  correction  of  military  unit  symbols.  The  procedure 
for  creating  additional  branch  duty  symbols  is  listed  below: 

J_  Press  the  CREATE  SYMBOL  pushbutton.  This  should  cause  an  en¬ 
larged  military  unit  flag  (rectangle)  to  appear  on  the  console  screen. 

2  By  using  the  create  graphic  symbol  procedure,  (see  requirement 
37  above)  create  the  desired  branch  symbol  as  a  series  of  short  line 
segments  inside  the  flag. 

3  Press  the  pushbutton  the  branch  symbol  is  to  be  associated  with. 
The  pushbutton  should  allow  the  operator  to  affix  a  copy  of  the  symbol 
to  it.  If  a  symbol  has  been  previously  assigned  to  this  pushbutton, 
this  step  replaces  if  with  the  newly  created  branch  duty  symbol. 

(b)  Rationale.  The  ability  to  create  branch  duty  symbols  elimin¬ 
ates  the  need  for  having  every  possible  FM  21-30  symbol  in  the  permanent 
symbol  generator.  It  also  allows  the  operator  to  create  symbols  accord¬ 
ing  to  his  own  preference. 

(43)  Requirement  and  rationale  number  43  (TEU). 

(a)  Requirement  43.  The  console  must  allow  the  user  to  create  at 
least  five  individual  graphic  symbols.  As  is  the  case  for  branch  duty 
symbols,  each  created  graphic  symbol  must  be  associated  with  a  partic¬ 
ular  pushbutton  on  the  console.  The  pushbuttons  are  used  in  exactly  the 
same  manner  as  the  permanent  individual  graphic  symbol  pushbuttons  in 
the  creation  and  correction  of  graphic  symbols.  The  procedure  for  the 
creation  of  additional  graphic  symbols  is  the  same  as  the  procedure  for 
military  unit  branch  symbol  creation  (see  requirement  42  above).  When 
the  operator  presses  the  CREATE  SYMBOL  pushbutton,  the  enlarged  rectan¬ 
gular  format  used  in  the  creation  of  military  unit  branch  duty  symbols 
provides  the  operator  with  a  ready  frame  of  reference.  Since  the  oper¬ 
ator  Knows  tnat  the  enlarged  format  reduces  to  the  size  of  a  military 
unit  symbol  rectangle  on  a  display,  he  can  create  Ihe  desired  graphic 
symbol  to  the  appropriate  size  inside  the  format. 
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(b)  Rationale.  The  ability  to  create  graphic  symbols  eliminates 
the  need  for  having  every  possible  FM  21-30  symbol  in  the  permanent 
symbol  generator.  It  also  allows  the  operator  to  create  symbols  accord¬ 
ing  to  his  own  preference. 

(44)  Requirement  and  rat 5 one ie  number  4*  (TEU). 

(a)  Requirement  44.  The  console  must  allow  for  the  creation  of  at 
least  two  line-type  graphic  symbols.  The  created  symbol  must  be  associ¬ 
ated  with  a  particular  pushbutton  on  the  console.  The  pushbuttons  are 
used  in  exactly  the  same  manner  as  the. permanent  line-type  graphic 
symbol  pushbuttons.  The  procedure  for  the  creation  of  line-type  graphic 
symbols  is  the  same  as  that  used  for  the  creation  of  military  unit 
symbols  and  individual  graphic  symbols  (see  requirements  42  and  43 
above).  By  using  the  enlarged  rectangular  format  as  the  frame  of  ref¬ 
erence,  the  operator  can  create  a  repeatable  element  of  the  graphic 
line-type  symbol  of  the  appropriate  size  inside  the  format. 

(b)  Rationale.  The  ability  to  create  line-type  graphic  symbols 
eliminates  the  need  for  having  every  possible  FM  21-30  symbol  in  the 
permanent  symbol  generator.  It  also  allows  the  operator  to  create 
symbols  according  to  his  own  preference. 

(45)  Requirement  and  rationale  number  45  (TEU). 

(a)  Requirement  45. 

£  Ideally,  background  map  display  should  require  the  operator  to 
only  specify  the  level  of  detail  and  the  area  of  coverage  desired. 
Registration  with  the  dynamic  symbology  should  be  automatic.  If  a 
particular  background  is  to  be  frequently  displayed,  the  operator  must 
have  the  option  of  giving  it  an  identification  label  which  will  allow 
i fs  recall  without  the  operator  having  to  respecify  the  level  of  detail 
and  area  of  coverage.  The  currently  selected  categories  of  dynamic 
symbology  in  a  newly  selected  area  of  coverage  must  appear  automatically. 

2_  The  procedure  for  obtaining  a  desired  map  background  should  be 
simiiar  to  that  listed  below: 

a  Press  the  SELECT  MAP  pushbutton. 

!b  Use  ASCII  keys  to  type  in  the  desired  map  identification  label 
if  the  map  is  one  that  has  been  identified  previously. 

c  If  the  desired  map  has  not  been  identified,  select  the  desired 
detail"  by  pressing  the  appropi iate  pushbuttons  (i.e.,  ROADS,  GRIDS, 

RIVERS,  TOWNS).  Type  in  the  coordinate  (grid  zone  designation  and  four 
or  six  digits)  for  the  extreme  lower  left  and  upper  right  corners  of  the 
desired  area  of  coverage. 
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d  Press  the  SELECT  MAP  pushbutton  again.  This  causes  the  desired 
map  to  be  displayed  and  the  pushbutton  to  be  turned  off.  (The  map  must 
be  displayed  in  15  seconds  or  less.) 

3  The  operator  should  be  abie  to  add  or  subtract  map  detail.  This 
should  only  require  that  he  press  the  appropriate  map  detail  pushbutton 
(i.e.,  ROADS,  RIVERS,  GRIDS,  TOWNS).  Detail  will  either  be  added  or 
subtracted  depending  on  whether  or  not  it  is  currently  displayed. 

4  If  at  any  tine  the  operator  wants  to  give  a  label  identification 
to  the"  map  currently  displayed  so  that  it  can  be  recalled,  he  should  be 
able  to  do  so  by  pressing  the  ADD  MAP  ID  pushbutton  and  then  typing  the 
desired  labei  on  the  ASCII  keyboard.  Map  identification  labels  should 
be  console  peculiar  (i.e.,  each  console  will  have  its  own  set  of  labels). 
Other  console  operators  will  be  able  to  retrieve  a  map  identified  on  a 
different  console  by  using  the  appropriate  prefix  for  that  console. 

5  The  label  of  the  map  currently  displayed  should  appear  at  a 
particular  location  on  the  display  screen.  If  that  particular  combina¬ 
tion  of  detail  and  area  of  coverage  has  not  been  labeled,  no  label 
should  appear.  A  list  of  labels  currently  being  useu  to  identify  maps 
on  that  cons.ole  should  be  available  upon  request  of  the  operator.  Maps 
may  be  deleied  from  this  list  by  pressing  the  DELETE  MAP  ID  pushbutton 
and  pointing  to  the  label  of  the  map  to  be  deleted. 

vb)  Rationale.  This  jives  the  operator  the  ability  to  tailor  map 
backgrounds  to  meet  his  specific  needs  and  have  them  available  for 
immediate  recal I . 

(46)  Requirement  and  rationale  number  46  (TEU). 

(a)  Requirement  46. 

1  If  the  ideal  background  map  display  procedure  described  in 
requirement  45  is  not  possible,  discrete  background  maps,  although  not 
as  flexible,  offer  an  alternate  approach.  If  the  user  is  given  an 
infinite  number  of  on-line  discrete  background  maps,  he  can  approach  the 
flexibility  of  the  ideal  map  described  above.  However,  an  infinite 
number  of  on-line  maps  that  have  varying  areas  of  coverage  and  different 
combinations  of  detail  is  not  realistic.  Realizing  this,  the  following 
considerations  are  provided  to  assist  in  the  specification  of  systems 
that  use  discrete  map  background  presentation. 

2  Each  display  system  must  have  a  number  of  discrete  maps  on  line. 
Each  map  in  the  set  must  be  available  within  15  seconds.  Initial  regis¬ 
tration  and  cataloging  of  a  map  must  only  require  that  the  operator 
point  out  two  diagonally  located  grid  intersections  or  two  known  (diag¬ 
onally  located)  points  and  type  in  their  coordinates  (qrid  zone  desig¬ 
nator  and  4,  6,  or  8  digits).  The  operator  must  assign  an  identification 
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label  to  the  map  so  that  It  can  be  easily  recalled.  This  label  must  be 
visible  whenever  the  map  is  displayed.  Once  the  map  is  registered,  it 
must  not  require  reregistration  upon  recall. 

3  Background  orientation  or  scale  must  be  immaterial  when  regis¬ 
tering  a  map.  There  must  be  no  requirement  that  the  map  be  exactly 
vertical  or  centered  or  that  it  have  a  particular  magnification  factor. 
In  addition,  a  means  for  easily  changing  on-line  backgrounds  either 
singly  or  as  a  set  must  be  provided. 

(b)  Rationale.  On-line  map  backgrounds  of  varying  area  of  cover¬ 
age  and  levels  of  detail  are  necessary  to  support  the  console  operator 
in  the  performance  of  his  duties.  These  backgrounds  must  be  available 
for  immediate  recall  and  use. 

(47)  Requirement  and  rationale  number  47  (TEU). 

(a)  Requirement  47. 

J_  The  console  must  be  able  to  store  and  display  data  Items  by 
category.  When  a  new  data  item  is  added  to  the  system’s  data  base,  the 
system  must  allow  the  user  to  specify  which  category  or  categories  the 
data  Item  is  to  be  stored  and  displayed  under.  It  must  be  possible  to 
assign  a  data  Item  to  more  than  one  category  and  to  change  the  category 
or  categories  of  any  displayed  data  Item.  The  number  of  categories 
required  is  approximately  30, 

2  Data  items  associated  with  a  particular  echelon  (e.g.,  hostile 
and  friendly  units)  may  be  required  to  be  displayed  by  echelon  for  a 
selected  category.  For  example,  a  user  may  wish  to  display  the  category 
containing  friendly  unit  locations  but  want  to  see  only  those  units  of 
brigade  size  or  larger.  A  set  of  pushbuttons  to  specify  the  desired 
echelons  should  be  provided  for  this  purpose. 

_3  It  is  desirable  to  allow  the  user  the  option  of  specifying  the 
’•{me  frame  for  categories  which  he  selects.  An  example  of  the  use  of 
this  option  *s  the  display  of  reported  vehicular  movement  from  (date 
time  group)  to  (date  time  group).  If  the  option  is  not  exercised,  the 
system  displays  ail  data  for  the  selected  category  and  echelon.  The 
time  frame  applies  to  all  categories  selected  for  display. 

£  The  procedures  listed  below  are  provided  as  a  guide,  to  data 
category  selection  and  category  change.  Initial  assignment  of  a  data 
item  to  a  category  is  discussed  in  the  procedure  for  data  Item  creation 
(requirement  37  above)  and  the  requirement  for  TOS  message  receipt 
(requirement  49  below). 


a  Category  selection. 

(1)  Press  the  desired  echelon  pushbuttons  for  the  categories  to  be 
displaced.  The  echelon  selection  applies  to  all  displayed  categories 
which  have  echelon  associated  data  items. 

(2)  Press  the  desired  category  pushbuttons.  This  causes  the  dis¬ 
play  of  data  items  in  the  desired  categories  for  the  specified  echelon(s). 
Pressing  a  category  pushbutton  which  is  lit  disengages  the  pushbutton, 
turns  the  light  off,  and  causes  all  data  items  belonging  to  that  cate¬ 
gory  to  be  removed  frc.n  the  display. 

b_  Category  change . 

(J_)  Press  the  CHANGE  CATEGORY  pushbutton.  This  causes  all  cate¬ 
gory  pushbuttons  which  are  lit  to  be  turned  off. 

(2)  Press  the  desired  category  pushbuttons. 

(3)  Point  to  the  data  item  (or  data  items  if  more  than  one  data 
Item  is  to  be  stored  in  the  new  categories)  on  the  display.  (Visual 
feedback  to  indicate  the  selected  symbols  should  occur.) 

(£)  Press  the  CHANGE  CATEGORY  pushbutton.  This  assigns  the  selected 
data  items  to  the  new  categories.  The  light  on  this  pushbutton  turns 
off,  and  the  previously  lit  category  pushbuttons  turn  on. 

(5^)  The  user  may  press  the  ABORT  pushbutton  at  any  time  during  the 
procedure.  This  returns  the  display  to  the  state  it  was  in  before  the 
procedure  was  initiated. 

(b)  Rationale.  The  use  of  categories  is  analogous  to  the  use  of 
manual  drops.  The  use  of  transparent  overlays,  or  "drops",  is  common¬ 
place  in  a  TOC.  Each  drop  depicts  a  specific  data  category  or  categories 
such  as  friendly  unit  locations  and  boundaries  and  is  placed  over  a  hard 
copy  map.  Ihe  drops  can  be  viewed  singly  or  in  combination,  one  drop  on 
top  of  the  other.  The  easy  assignment  of  a  data  item  to  a  category  or 
categories,  along  with  rapid  access  to  and  display  of  data  items  in  th6 
desired  category  or  categories,  is  essential  to  effective  user  manage¬ 
ment  and  analysis  of  data. 

(48)  Requirement  and  rationale  number  48  (TEU). 

(a)  Requirement  48. 

J_  A  means  for  storing  display  scenes  is  required.  The  system  must 
also  have  the  capability  to  re-store  these  modified  display  scenes.  The 
procedure  for  storing  display  scenes  should  be  similar  to  that  listed 
below: 
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a  Press  the  STORE  HISTORY  pushbutton. 

b  Type  a  brief  description  of  the  scene  that  was  stored.  Visual 
feedback  of  what  Is  typed  should  appear  on  the  lower  edge  of  the  scene. 

c  The  system  adds  this  scene  description  to  Its  current  listing  of 
stored  scenes  for  that  particular  console. 

£  Press  the  STORE  HISTORY  pushbutton  again.  This  completes  the 
storage  procedure  and  the  pushbutton  light  goes  off. 

£  The  procedure  for  the  recall  of  stored  display  scenes  should  be 
similar  to  that  listed  below: 


a  Press  the  RECALL  HISTORY  pushbutton.  A  list  of  the  currently 
stored  scene  descriptions  for  that  console  Is  displayed.  (If  the  con¬ 
sole  operator  wants  a  listing  of  another  console’s  stored  scenes,  he 
types  that  console’s  prefix.) 

£  Point  to  the  scene  description  desired.  The  selected  scene  must 
appear  within  15  seconds.  Deletion  of  scenes  in  the  list  should  only 
require  pressing  the  DELETE  pushbutton  and  pointing  to  the  appropriate 
description. 

£  Return  to  the  display  shown  prior  to  history  recall  is  accom¬ 
plished  by  repushing  the  on-off  RECALL  HISTORY  pushbutton. 

(b)  Rationale.  These  stored  scenes  can  be  used  for  briefings  on 
the  large  screen,  unit  historical  data,  and  the  development  of  different 
plans  and  analysis. 

(49)  Requirement  and  rationale  number  49  (TEU). 

(a)  Requirement  49. 

£  Each  console  must  have  the  ability  to  send  data  Items  to,  and 
receive  data  items  from,  TOS.  Update  of  the  TOS  data  base  should  only 
require  that  the  operator  press  the  TOS  DATA  pushbutton  and  point  to  the 
data  item(s)  selected.  The  data  Items,  along  with  their  associated  free 
text,  are  sent  to  TOS  when  the  TOS  SEND  pushbutton  Is  pressed. 

£  TOS  data  is  either  received  as  a  result  of  a  standing  request 
for  information  (SRI)  or  a  query  from  a  particular  console.  The  SRI  or 
query  establishes  the  console  data  category  or  categories  that  incoming 
data  Items  are  assigned  to.  When  a  data  Item  Is  received,  it  is  auto¬ 
matically  displayed  and  highlighted  If  It  is  In  the  area  of  map  coverage 
displayed.  It  is  displayed  and  highlighted  regardless  of  the  currently 
selected  categories.  The  Item  continues  to  be  highlighted  until  the 
operator  points  to  it  and  presses  an  ACCEPT,  SAVE,  or  REJECT  pushbutton 
to  indicate  that  he  sees  the  Item.  The  ACCEPT  pushbutton  adds  the  data 
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item  to  the  designated  display  categories.  The  SAVE  pushbutton  adds  the 
item  to  a  special  TOS  save  category.  Data  Items  in  the  TOS  save  cate¬ 
gory  can  be  transferred  to  display  categories  at  any  time.  The  REJECT 
pushbutton  deletes  the  item.  Blinking  is  an  acceptable  means  for  auto¬ 
matic  highlighting  although  any  other  means  that  is  equally  as  attention 
getting  is  acceptable.  If  a  data  item  received  from  TOS  is  not  in  the 
currently  displayed  area  of  map  coverage,  it  appears  and  is  highlighted 
the  first  time  the  operator  selects  an  area  of  coverage  that  includes 
the  Item’s  location.  Military  unit  symbols  that  have  branch  duty  symbols 
that  are  not  contained  in  the  permanent  symbol  generator  must  appear 
with  the  first  four  letters  of  the  branch  duty  Inside  the  rectangle. 

3  When  a  TOS  data  item  is  an  update  to  data  already  In  the  system, 
pressTng  the  ACCEPT  pushbutton  causes  automatic  replacement  of  the 
previous  information.  An  example  is  the  automatic  update  of  a  partic¬ 
ular  unit's  location  or  the  relocation  of  a  particular  boundary. 

(b)  Rationale.  This  requirement  recognizes  the  requirement  for 
interoperability  with  a  centralized  data  base  such  as  TOS. 

(50)  Requirement  and  rationale  number  50  (TEU). 

(a)  Requirement  50.  The  transfer  of  entire  displays  from  one  con¬ 
sole  to  another  must  be  provided  for.  This  can  be  between  consoles 
within  an  automated  display  system  or  between  a  console  in  one  system 
and  a  console  located  in  another  system  at  another  echelon.  The  transfer 
will  generally  be  in  answer  to  a  verbal  request  for  specific  Information. 
The  procedure  should  only  require  that  the  operator  obtain  the  desired 
display  in  the  normal  manner,  press  a  SEND  DISPLAY  pushbutton,  and  type 
an  identification  for  the  console  which  is  to  receive  the  display. 

(b)  Rationale.  The  transfer  of  entire  displays  allows  rapid 
exchange  of  information  between  various  console  users. 

(51)  Requirement  and  rationale  number  51  (TEU). 

(a)  Requirement  51.  Transmission  of  alphanumeric  data  from  one 
display  system  to  another  display  system's  printer  should  be  possible 
from  the  interactive  graphic  display  console.  The  data  is  stored  by 
category  and  is  transmitted  one  category  at  a  time.  The  procedure 
should  only  involve  displaying  the  appropriate  category,  pressing  a  SEND 
ALPHANUMERIC  pushbutton,  and  typing  the  prefix  of  the  printer  where 
output  is  desired. 

(b)  Rationale.  This  provides  for  maximum  ease  of  alphanumeric 
data  transmission. 

(52)  Requirement  and  rationale  number  52  (TEU). 

(a)  Requirement  52. 
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1  An  automated  display  system  must  have  the  ability  to  provide 
additional  data  on  any  display  data  item  upon  user  request.  It  must 
also  provide  the  user  with  the  ability  to  add  his  own  free  text  remarks. 

2  To  obtain  additional  data  on  a  displayed  data  item  or  to  add  a 
comment  on  the  item,  a  procedure  similar  to  that  listed  below  should  be 
used: 


a  Press  the  EXTRA  DATA  pushbutton  on  the  console. 

b  Point  to  the  desired  data  item.  This  causes  the  display  of  a 
three-part  format.  The  display  of  this  format  must  not  replace  the 
graphic  display.  The  format  can  be  displayed  on  the  same  screen  with 
the  graphic  display  or  on  a  separate,  but  nearby,  alphanumeric  display 
screen. 

(1)  The  first  part  of  the  format  is  automatically  completed  by  the 
system- and  includes,  as  a  minimum,  the  grid  coord inate(s)  of  the  data 
item.  Other  data  which  can  be  included  in  this  part  of  the  format  are 
the  date  time  group,  the  originator,  and  the  reliability  of  the  data. 

(2)  The  second  part  of  the  format  is  provided  for  the  entry  of 
optional  free  text  remarks  by  the  originator  of  the  data  item.  If  the 
data  item  is  transmitted  from  an  outside  source  such  as  TOS,  the  sender's 
remarks  (if  any)  are  entered  here.  If  the  data  item  is  originated  by 
the  display  system  user,  his  remarks  (if  any)  are  entered  here. 

(3^)  The  third  part  of  the  format  is  provided  for  optional  free 
text  remarks  by  the  recipient  of  the  data  item.  A  data  item  transmitted 
from  an  outside  source  has  this  part  of  the  format  for  the  display 
system  user's  comments  (if  any). 

c  Type  free  text  comments  (if  any)  in  the  second  part  (originator) 
or  third  part  (recipient)  of  the  format. 

£  Press  the  EXTRA  DATA  pushbutton.  This  turns  the  pushbutton 
light  off  and  deletes  the  extra  data  format  from  the  display. 

(b)  Rationale. 

I  Data  items  in  tactical  situation  displays  have  associated  data 
which  normally  is  not  displayed  with  the  symbol  that  represents  the 
Item.  This  data  is  alphanumeric  in  nature.  Examples  of  this  type  of 
data  include  the  UTM  grid  coord inate(s)  of  the  data  item  and  free  text 
remarks  which  elaborate  on  the  data  item. 
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2_  Frequently,  the  viewer  of  a  tactical  situation  display  wants 
more  specific  information  on  a  displayed  data  item.  He  may  also  wish  to 
provide  his  own  comments  to  further  clarify  the  display  of  the  item.  A 
procedure  currently  used  in  TOC’s  is  to  code  significant  data  items  with 
a  number  or  letter.  The  numbers  or  letters  are  listed  with  the  appro¬ 
bate  clarifying  data  on  the  side  of  the  display. 

(53)  Requirement  and  rationale  number  53  (TEU). 

(a)  Requirement  53. 

J_  A  number  of  control  switches  or  knobs  are  required  on  the  inter¬ 
active  graphic  display  console.  The  controls  must  be  on  the  console. 

The  console  operator  should  not  have  to  leave  his  position  in  order  to 
reach  them.  The  controls  listed  below  must  be  included: 

£  Dynamic  symbology  brightness  control  knob.  Turning  the  knob  one 
way  or  the  other  increases  or  decreases  the  ov&iaJtl  brightness  of  dis¬ 
played  dynamic  symbolog'  within  the  range  from  maximum  brightness  to  the 
dynamic  symbology  being  completely  faded  from  the  screen. 

£  Map  background  brightness  control  knob.  Turning  the  knob  one 
way  or  the  other  increases  or  decreases  the  ov&naJU  brightness  of  the 
displayc  ma ..  background.  The  brightness  is  controllable  from  maximum 
brightness  to  the  map  background  being  completely  faded  from  the  screen. 

c_  Restart-reset  pushbutton.  This  pushbutton  is  used  when  operator 
or  system  error  causes  the  processor  to  halt.  Pressing  the  pushbutton 
causes  a  reload  of  the  display  program  if  necessary  and/or  resetting  of 
the  program  parameters  to  what  they  were  before  the  halt.  The  system 
must  be  operational  within  15  seconds  after  this  pushbutton  is  pressed. 
However,  return  to  full  operational  status  within  2  or  3  seconds  is 
highly  desirable. 

2_  The  controls  listed  below  should  be  included  on  the  console: 

£  Color  brightness  control  knob(s).  One  knob  is  provided  for  each 
color  of  dynamic  symbology.  The  knob  has  the  same  function  and  range  as 
the  dynamic  symbology  brightness  control  knob  except  that  it  controls 
the  brightness  of  an  individual  color. 

£  Map  feature  brightness  control  knob(s).  These  controls  are 
necessary  if  the  ideal  map  background  display  is  practical.  One  knob  is 
required  for  each  color  used  to  identify  a  specific  map  feature  (e.g., 
roads,  vegetation,  rivers).  The  function  and  range  of  the  knob  is  the 
same  as  the  map  background  brightness  control  knob  except  that  it  controls 
the  brightness  of  an  individual  map  fsalure  color. 
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c  Symbol  size  control  knob.  Turning  the  knob  one  way  or  the  other 
varies  (within  a  specified  range)  the  size  of  all  data  items  except 
I ine-type  graphic  items,  circles,  and  ellipses.  When  the  control  is 
used,  all  parts  of  the  data  item  (e.g.,  the  rectangle,  the  branch  duty 
symbol,  the  left  identification,  the  right  identification,  and  the 
echelon)  are  either  enlarged  or  reduced  proportionally.  Changing  the 
size  of  the  symbol  must  not  change  the  symbol’s  apparent  map  location. 

3  Other  controls  may  be  required,  depending  upon  the  display 
technfque  used.  For  example,  individual  dynamic  symbology  and  map 
background  focus  knobs  may  be  necessary. 

(b)  Rationale.  The  size  and  brightness  controls  enhance  display 
viewability.  The  restart-reset  control  allows  the  operator  to  quickly 
bring  the  processor  back  on  line  if  it  halts. 

(54)  Requirement  and  rationale  number  54  (TEU). 

( a )  Requ i rement  54 . 

£  The  display  system  must  notify  the  interactive  graphic  display 
console  operator  when  he  performs  a  step  in  a  procedure  incorrectly. 

The  notification  means  must  be  positively  attention  getting,  must  be 
rapid,  and  must  specify  exactly  what  was  done  wrong.  An  audio  alert 
such  as  a  bell  or  buzzer  should  sound  whenever  an  error  occurs.  Incor¬ 
rect  attempts  to  recover  from  the  error  cause  additional  audio  alerts. 

The  error  message  display  must  not  delete  the  current  situation  display. 
The  error  message  continues  to  be  displayed  until  the  operator  performs 
the  correct  step  in  the  procedure  or  until  he  presses  the  ABORT  push¬ 
button  at  which  time  the  error  message  is  deleted  and  the  display  returns 
to  the  state  it  was  in  before  the  series  of  commands  was  initiated. 

2_  The  error  message  must  tell  the  operator  exactly  what  he  did 
wrong.  The  use  of  error  codes  which  require  the  operator  to  look  up  the 
code  to  determine  the  error  is  not  user  oriented  and  is  not  acceptable. 
Ideally,  the  error  message  should  state  what  step  of  the  procedure  was 
performed  incorrectly.  For  example,  using  the  procedure  outlined  for 
the  creation  of  military  symbols,  an  error  message  might  read:  "Last 
pushbutton  depressed  was  not  branch  duty." 

(b)  Rationale.  The  ease  which  the  operating  procedures  are  learned 
and  used  will  be  greatly  enhanced  by  this  feature.  The  audio  alert  Is 
preferable  to  a  visual  alert  because  it  precludes  the  possibility  of  the 
operator  not  detecting  the  error  if  he  is  looking  away  from  where  the 
visual  alert  is  located. 
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(55)  Requirement  and  rationale  number  55  (RAM). 

(a)  Requirement  55.  The  principal  users  (i.e.,  62,  63)  should  not 
be  deprived  access  to  a  console  for  periods  longer  than  15  minutes. 

(b)  Rationale.  The  console  is  the  primary  device  used  to  interact 
with  the  computer  and  its  data  base.  If  there  are  several  consoles 
located  within  a  TOC,  the  failure  of  one  console,  although  detrimental 
to  the  console  user,  would  not  result  in  total  system  failure. 

e.  Croup  display  output  device.  It  is  assumed  that  any  dispiay  on 
the  group  display  output  device  is  first  composed  and  displayed  on  an 
interactive  graphic  display  console  before  being  transferred  to  the 
group  display. 

(I)  Requirement  and  rationale  number  I  (VDD). 

(a)  Requirement  I.  The  group  display  output  device  must  be  able 
to  display  the  64-character  ASCII  set;  the  FM  21-30  symbols  listed 
below;  symbology  added  to  the  symbol  generator  by  the  user;  circles; 
ellipses;  and  freehand  graphics  such  as  symbols  for  boundaries  and  axis 
of  advance.  The  following  symbols  should  be  a  part  of  the  permanent 
symbol  generator.  FM  21-30  illustrates  each  symbol  and  provides  exam¬ 
ples  of  the  use  of  the  symbols. 

Military  Unit  Symbols 

HEADQUARTERS 
CENTER  OF  MASS 
TRAINS 

NOTE:  Military  unit  symbols  must  be  displayed  as  actual  or  proposed. 

In  addition,  they  must  denote  whether  the  represented  unit  is  a  task 
force. 


Branch  Duty  Symbols 


AIRBORNE 

AIR  DEFENSE  ARTILLERY 

AIRMOBILE 

ANTITANK 

FIELD  ARTILLERY 


ARMOR 
AVIATION 
CAVALRY 
CHEMICAL 
EN6INEER,  BRID6E 


EN6INEER 

INFANTRY 

MAINTENANCE 

PSYCH0L06ICAL  OPERATIONS 
SI6NAL 

TRANSPORTATION 
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Graphic  Symbols 


OBSERVATION  POST  AMMUNITION  SUPPLY  POINT,  ALL 

COORDINATING  POINT  TYPES  (combat  service  support 

MINE,  ANTITANK  Installation) 

MINE,  ANTIPERSONNEL  AID  STATION  (combat  service 

POL  POINT,  GROUND  (combat  service  support  installation) 

support  installation) 

Line-Type  Graphic  Symbols 
SOLID  LINE  DASHED  LINE 

TRENCH,  BASIC  SYMBOL  TANK  OBSTACLE,  TYPE  UNSPECIFIED 

WIRE,  CONCERTINA,  SINGLE  LINE  OF  CONTACT  (defensive  frontline 

trace) 

(b)  Rationale.  Tactical  situation  displays  require  this  symbology 
as  a  minimum.  The  selection  of  the  symbols  for  inclusion  in  the  perma¬ 
nent  symbol  library  is  based  on  their  expected  frequency  of  use. 

(2)  Requirement  and  rationale  number  2  (VDD). 

(a)  Requirement  2.  The  group  display  scene  must  appear  to  be  an 
enlargement  of  the  console  display  scene.  The  symbol  style  and  proportion 
must  match  those  used  on  the  console. 

(b)  Rationale.  This  precludes  identical  display  scenes  on  the 
console  and  on  the  group  display  fiom  appearing  different  when,  in  fact, 
they  are  not. 

(3)  Requirement  and  rationale  number  3  (VDD). 

(a)  Requirement  3.  A  minimum  of  three  colors  is  required.  Three 
colors  allow  friendly,  enemy,  and  control  measure  symbols  to  be  color 
coded.  Four  to  six  colors  are  desirable.  Color  selection  must  be  based 
upon  obtaining  a  high  degree  of  contrast  in  relation  to  the  map  back¬ 
grounds  the  symbols  will  be  displayed  upon. 

(b)  Rationale.  Distinction  of  friendly  symbols  from  enemy  symbols 
is  possible  on  a  one  color  display  by  means  of  shape  coding.  However, 
the  enhanced  ability  of  the  user  to  readily  distinguish  between  color 
coded  enemy,  friendly,  and  boundary  data  items  at  a  glance  is  required 
to  preclude  delay  in  their  discrimination.  Additional  colors  over  and 
above  three  allow  the  highlighting  of  selected  symbols  or  the  color 
coding  of  particular  categories  of  information.  The  selected  colors 
must  stand  out  from  the  map  background  data.  This  enhances  dynamic 
symbol  legibility. 
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(4)  Requirement  and  rationale  number  4  (VDD). 

(a)  Requirement  4.  The  group  display  should  be  fully  legible 
under  normal  office  lighting  (70  foot-candles  at  desk  top  level).  This 
requirement  could  be  relaxed  to  as  low  as  30  foot-candles.  Full  legi¬ 
bility  is  defined  as  easy  identification  by  every  viewer  in  an  audience 
of  20  people  of  every  symbol  in  a  tactical  situation  display. 

(b)  Rationale.  The  group  display's  primary  use  is  for  briefings. 
Thirty  foot-candies  is  the  amount  of  light  required  for  note  taking. 

(5)  Requirement  and  rationale  number  5  (VDD). 

(a)  Requirement  5.  The  symbol  size  should  be  variable.  However, 
the  device  must  be  designed  with  one  optimum  symbol  size  in  mind.  The 
selected  size  should  be  independent  of  the  size  selected  for  the  console. 
However,  when  a  display  is  initially  transferred  to  the  group  display, 
the  operator  should  have  the  option  of  allowing  it  to  appear  in  a  size 
proportioned  to  the  size  selected  on  the  console. 

(b)  Rationale.  The  capability  to  adjust  display  symbol  size  is 
desirable  but  not  absolutely  necessary.  It  allows  the  user  to  select 
the  size  symbol  best  suited  for  a  particular  disp  iy.  One  optimum 
symbol  size  is  required  to  facilitate  the  design  of  the  device. 

(6)  Requirement  and  rationale  number  6  (VDD). 

(a)  Requirement  6.  The  display  area  must  be  large  enough  to  dis¬ 
play  a  tactical  situation  (maximum  of  75  military  unit  symbols  for  a 
division)  with  a  minimum  amount  of  symbol  clutter,  but  it  must  not  be  so 
large  that  It  causes  the  audience  undue  eyestrain  or  head  movement.  The 
group  display  must  be  of  sufficient  size  to  comprehensibly  present  a 
tactical  situation  display  to  an  audience  of  at  least  20  people. 

(b)  Rationale.  For  a  given  distance  from  the  display  surface, 
there  is  a  size  limit  on  how  much  area  an  individual  can  see  without 
undue  eye  or  head  movement.  Audience  eye  and  head  movement  are  influenced 
by  two  factors:  screen  size  and  viewer's  distance  from  the  screen. 

User  data  indicates  that  the  audience  size  for  most  division  briefings 
does  not  exceed  20. 

(7)  Requirement  and  rationale  number  7  (VDD). 

(a)  Requirement  7.  The  displayed  symbology  must  not  have  any 
discernible  f  I  ic.ker. 

(b)  Rationale.  FI icker  causes  eyestrain. 
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(8)  Requirement  and  rationale  number  8  (VDD). 

(a)  Requirement  8.  The  brightness  of  each  dynamic  symbology  color 
and  of  each  map  feature  coior  should  be  under  user  control.  The  user 
must,  as  a  minimum,  be  able  to  vary  the  overall  brightness  of  the  dynamic 
symbology  and  the  overall  brightness  of  the  map  background. 

(b)  Rationale.  Individual  color  brigntness  control  allows  the 
user  to  subdue  categories  of  information  which  at  a  particular  moment 
are  not  of  significant  interest  or  which  detract  from  other  information. 
Overall  brightness  control  allows  adjustment  to  suit  the  ambient  light 
env i ronment . 

(9)  Reoutrement  and  raiionaie  number  9  (PADC). 

fa)  Requirement  9.  Data  i+ems  superimposed  against  a  map  back¬ 
ground  on  the  group  display  output  device  must  appear  to  be  no  more  than 
100  meters  from  the  specified  map  location.  This  100-meter  limit  applies 
foi  any  method  of  data  item  location:  keyboard  coordinate  entry,  coor¬ 
dinates  transmitted  from  an  outside  ADP  source,  points  transmitted  from 
the  map  overlay  input  device,  or  direct  entry  by  pointing  to  the  location 
on  the  console  display.  The  limit  applies  regardless  of  the  size  oi  the 
area  of  coverage  being  viewed. 

(b)  Rationale.  Current  manual  procedures  for  plot+ing  symbols 
against  the  1:50,000  scale  standard  milimary  map  have  an  inherent  plot- 
ling  accuracy.  The  average  individual  updating  a  map  in  the  TOC  will, 
with  few  exceptions,  position  a  given  symbol  within  100  meters  of  its 
specified  map  location.  Most  display  users  in  the  operations  and  tntel- 
I igence  sections  of  the  TOC  are  concerned  with  the  effect  that  symbol 
placement  accurac/  has  on  the  evaluation  of  the  positional  relationships 
of  the  displayed  symbols.  While  some  users  may  require  greater  accuracy, 
the  inherent  accuracy  of  manual  map  postinq  Is  acceptable  to  most  users 
in  the  TOC. 

(10)  Requirement  and  rationale  number  !0  (PADC). 

(a.  Requirement  10.  Data  Items  are  located  either  with  single 
points  (e.g.,  a  military  unit  or  a  coordinating  point)  or  with  multiple 
points  (e.g.,  a  unh  boundary  or  a  trench  line).  Data  items  located 
with  single  points  must  be  completely  displayed  if  the  point  Is  inside 
the  selected  ar»a  of  coverage.  If  any  part  **  '<  multiple  point  data 
item  Is  in  the  selected  area  of  coverage,  th<-  art  within  the  area  of 
coverage  must  be  displayed.  The  part  to  oe  displayed  must  include  all 
points  of  the  data  item  up  to  and  nc'uding  those  at  the  intersection  of 
the  item  with  an  edge  (or  edges)  ot  r‘>*  mao  background. 

(b)  Rationale.  An  incomplete  display  is  unacceptable, 

( l I >  Requirement  and  rationale  nu.ber  II  (MB). 
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(a)  Requirement  it.  The  group  display  output  device  should  be 
capable  of  displaying  map  backgrounds  for  the  three  uses  described 
below.  As  a  minimum,  the  device  must  be  capable  of  displaying  map 
backgrounds  for  the  first  use. 

1  Comprehension  of  the  overall  situation.  For  this  purpose  the 
user  Ts  not  interested  in  being  able  to  read  all  detail  on  the  standard 
military  topographic  map,  but  he  uses  the  map  to  provide  general  orien¬ 
tation  for  the  superimposed  symbology. 

2  More  detailed  inspection  of  the  terrain  at  or  in  the  vicinity  of 
a  superimposed  symbol  or  symbols,  in  this  case  the  user  is  interested 
in  a  more  exact  relationship  of  the  symbols  to  the  terrain. 

3  Terrain  analysis  without  superimposed  symbology.  For  example, 
when  selecting  the  best  terrain  upon  which  to  establish  a  defense  or 
when  planning  a  route  of  movement,  the  user  wants  to  view  the  map  back¬ 
ground  with  no  superimposed  dynamic  symbology. 

(b)  Rationale.  Map  backgrounds  are  used  in  the  TOC  for  the  three 
purposes  described.  A  map  background  is  an  essential  part  of  any  tac¬ 
tical  situation  display.  The  display  of  the  situation  is  relatively 
useless  unless  the  symbology  is  superimposed  upon  a  map  background, 
thereby  orienting  the  symbology  to  the  terrain. 

(12)  Requirement  and  rationale  number  12  (MB). 

(a)  Requirement  12.  Map  backgrounds  based  on  the  UTM  grid  system 
will  normally  be  displayed  on  the  group  display.  However,  the  group 
display  should  be  able  to  accomodate  other  military  grid  systems.  The 
UTM  grid  system  requires  that  the  device  be  able  to  display  areas  of 
coverage  which  include  the  junction  of  two  or  more  map  sheets  and  the 
junction  of  two  or  more  100,000-meter  grid  zones. 

(b)  Rationale.  Maps  having  the  UTM  grid  system  are  used  in  TOC's. 
Situation  maps  are  frequently  made  up  of  two  or  more  adjacent  map  sheets, 

(13)  Requirement  and  rationale  number  13  (MB). 

(a)  Requirement  13.  The  group  display  must  provide  map  background 
coverage  for  an  area  no  less  than  50  kilometers  by  50  kilometers. 

(b)  Rationale.  User  data  indicates  that  an  area  at  least  50  kilo¬ 
meters  by  50  kilometers  is  required  for  an  overall  situation  display  of 
an  armored  or  mechanized  division. 

(14)  Requirement  and  rationale  number  14  (MB). 
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(a)  Requirement  14.  The  backgrounds  used  for  display  of  the 
ove/utfZ  tactical  situation  must  be  Identical  In  area  of  coverage  and 
level  of  detail  to  the  backgrounds  used  on  the  console  for  the  same 
purpose.  This  Is  the  primary  background  type  required  for  the  group 
display. 

(b)  Rationale.  The  group  display  will  be  used  primarily  to  show 
overall  situation  displays.  The  maps  used  for  overall  situation  displays 
need  to  be  Identical  to  those  used  on  the  console,  since  the  group 
situation  display  Is  created  on  a  console  before  being  transferred  to 
the  group  display  output  device. 

(15)  Requirement  and  rationale  number  15  (MB). 

(a)  Requirement  15.  The  map  backgrounds  which  are  used  to  present 
the  ovzHoJUL  division  situation  must  be  fully  legible  when  viewed  under 
the  ambient  light  requirement  for  dynamic  symbology  legibility  specified 
in  requirement  4  above.  Full  legibility  is  defined  as  the  ability  of 
every  individual  In  the  audience  to  easily  identify  every  item  of  map 
data  on  the  displayed  background. 

(b)  Rationale.  Any  data  Item  which  is  not  legible  is  of  no  Infor¬ 
mational  value  in  describing  the  overall  tactical  situation. 

(16)  Requirement  and  rationale  number  16  (MB). 

(a)  Requirement  16.  In  addition  to  the  oveAatt  tactical  situation 
display  background  requirement,  if  the  display  technique  permits,  the 
ability  to  display  a  map  background  with  a  degree  of  detail  equal  to  the 
standard  military  i:50,000  topographic  map  and  with  an  area  of  coverage 
no  less  than  50  kilometers  by  50  kilometers  is  desirable.  The  legibility 
of  map  detail  on  this  background  should  be  no  less  than  that  of  the 
standard  topographic  map. 

(b)  Rationale.  The  availability  of  this  background  not  only 
permits  viewing  of  greater  map  detail  but  also  allows  the  user  to  better 
associate  the  map  display  with  the  standard  topographic  map  with  which 
he  is  familiar.  The  viewer  may  have  to  move  closer  to  the  background  to 
identify  a  1 1  detai I . 

(17)  Requirement  and  rationale  number  17  (MB). 

(a)  Requirement  17.  The  display  of  blowups  which  are  identical  to 
those  used  on  the  console  is  desirable. 

(b)  Rationale.  These  backgrounds  can  be  used  when  one  or  more 
individuals  in  the  audience  desire  more  map  detail.  The  interested 
individuals  may  have  to  move  closer  to  the  screen  to  Identify  all  detail. 


(18)  Requirement  and  rationale  number  18  (TEU). 

(a)  Requirement  18.  All  displays  on  the  consoles  should  be  dis- 
playabje  on  the  group  display.  As  a  minimum,  displays  of  the  ovzMll 
tactical  situation  on  the  console  must  be  displayable  on  the  group 
display. 

(b)  Rationale.  The  primary  use  of  the  group  display  output  device 
is  to  present  displays  to  an  audience  of  at  least  20  people.  The  displays 
most  frequently  shown  depict  the  situation  for  the  division  ovznatl  area 
of  coverage. 

(19)  Requirement  and  rationale  number  19  (TEU). 

(a)  Requirement  19.  Display  scenes  on  the  group  display  output 
device  must  be  displayed  independent  of  display  scenes  on  the  console. 

(b)  Rationale.  This  permits  a  display  to  remain  on  the  group 
display  output  device  even  though  different  displays  are  shown  on  the 
console.  The  console  acts  as  the  transfer  device  for  the  group  display. 
Once  the  scene  is  transferred  to  the  group  display  device,  the  console 
need  not  be  tied  up  by  displaying  the  same  scene  shown  on  the  group  dis¬ 
play. 

(20)  Requirement  and  rationale  number  20  (TEU). 

(a)  Requirement  20.  Displays  from  the  Interactive  graphic  display 
console  are  transferred  to  the  group  display  by  pressing  the  GROUP 
DISPLAY  pushbutton  on  the  console.  This  action  causes  both  the  map 
background  and  the  selected  dynamic  symbology  to  be  displayed  on  the 
large  screen.  Once  the  transfer  has  been  initiated,  the  display  must 
appear  on  the  large  screen  within  15  seconds.  The  capability  to  have 
the  display  appear  within  5  seconds  is  highly  desirable. 

(b)  Rationale.  The  procedure  for  transferring  a  display  from  the 
console  should  be  easy  and  straight  forward.  Fifteen  seconds  Is  the 
maximum  time  that  a  user  can  be  expected  to  wait  without  inconvenience 
for  a  scene  to  appear  on  the  group  display. 

(21)  Requ i rement.  and  rationale  number  21  (TEU). 

(a)  Requirement  21.  If  discrete  mao  backgrounds  are  used,  a  means 
is  required  for  their  registrar  ion.  Registration  must  require  the 
operator  to  only  point  at  and  input  the  UTM  coordinates  of  any  two  grid 
intersections  diagonally  located  in  relation  to  each  other.  The  back¬ 
ground  must  not  have  to  be  exactly  horizontal,  vertical,  or  centered. 

Once  registered,  the  background  must  be  available  for  display  without 
re-registration  each  time  it  is  retrieved. 
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(b)  Rationale.  This  provides  the  user  maximum  ease  of  use  when 
registering  a  discrete  map  background. 

(22)  Requirement  and  rationale  number  22  (TEU). 

( a )  Requ i rement  22 . 

J_  A  number  of  control  switches  or  knobs  are  required  on  the  group 
display  output  device.  The  controls  must  be  located  near  the  face  of 
the  screen,  for  easy  access  to  a  briefer  or  to  an  individual  performing 
viewability  adjustments  to  suit  the  audience. 

2_  The  controls  listed  beiow  are  required.  Other  controls  may  be 
required  depending  upon  the  display  technique  used.  For  example,  indi¬ 
vidual  dynamic  symbology  and  map  background  focus  knobs  may  be  necessary. 

a  Dynamic  symbology  brightness  control  knob.  Turning  the  knob  one 
way  or  the  other  increases  or  decreases  the  ov&uM  brightness  of  dis¬ 
played  dynamic  symbology  within  the  range  from  maximum  brightness  to  the 
dynamic  symbology  being  completely  faded  from  the  screen. 

b  Map  background  brigh+ness  control  knob.  Turning  the  knob  one 
way  or  the  other  increases  or  decreases  the  oveJui&L  brightness  of  the 
displayed  map  background.  The  brightness  is  controllable  from  maximum 
brightness  to  the  map  background  being  completely  faded  from  the  screen. 

3  Tne  following  controls  are  desirable: 

a_  Color  brightness  control  knob(s).  One  knob  is  provided  for  each 
color  of  dynamic  symbology  The  knob  has  the  same  function  and  range  as 
the  dynamic  symbology  brightness  control  knob  except  that  it  controls 
the  brightness  of  an  individual  color. 

I)  Map  feature  brightness  control  knob(s).  These  controls  are 
necessary  if  the  ideal  map  background  display  is  practical.  One  knob  is 
required  for  each  color  used  to  identify  a  specific  map  feature  (e.g., 
roads,  vegetation,  rivers).  The  function  and  range  of  the  knob  is  the 
same  as  the  map  background  brightness  control  knob  except  that  it  con¬ 
trols  the  brightness  of  an  individual  map  feature  color. 

c  Symbol  size  control  knob.  Turning  the  knob  one  way  or  the  other 
varies  (within  a  specified  range)  the  size  of  all  data  items  except 
line-type  graphic  items,  circles,  and  ellipses.  When  the  control  is 
used,  all  parts  of  the  data  item  (e.g.,  the  rectangle,  the  branch  duty 
symbol,  the  left  identification,  the  right  identification,  and  the 
echelon)  are  either  enlarged  or  reduced  proportionately.  Changing  the 
size  of  rhe  symbol  must  not  change  The  symbol's  apparent  map  location. 
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(b)  Rationale.  These  controls  enhance  the  viewability  of  displays 
on  the  group  display  output  device. 

(23)  Requirement  and  rationale  number  23  (RAM). 

(a)  Requirement  23.  Failures  while  briefing  The  commander  should 
happen  infrequently.  Downtimes  longer  than  5  minutes  have  no  real 
limit,  although  they  should  be  reasonable  (i.e.,  not  more  than  several 
hours) . 

(b)  Rationale.  This  downtime  requirement  stems  from  the  reality 

that  the  commander,  after  waiting  5  minutes,  will  most  likely  continue 
the  briefing  from  a  console  rather  than  wait  for  the  group  display  to  j 

return  to  operation.  When  the  group  display  is  not  actually  being  used  i 

for  a  briefing  but  is  being  used  to  display  a  situation  of  interest  to  a  ! 

number  of  people  in  the  TOC  (e.g.,  the  current  enemy  and  friendly  sit-  * 

uation),  the  temporary  failure  of  the  group  display  can  be  tolerated  * 

because  the  situation  shown  on  the  group  display  can  be  seen  on  a  console. 

f.  Map  overlay  input  device. 

(1)  Requirement  and  rationale  number  I  (PADC). 

(a)  Requirement  I.  The  map  background  used  on  the  map  overlay 

input  device  must  be  registered  in  such  a  manner  that  a  data  item  entered 
as  a  series  of  points  from  either  the  overlay  or  the  map  will,  if  dis¬ 
played  on  the  console  or  group  display,  have  the  points  displayed  no 

more  than  100  meters  from  the  points  entered  Through  the  device. 

(b)  Rationale.  This  is  in  accord  with  the  100-meter  placement  ; 

accuracy  requirement  of  the  console  ana  the  group  display.  : 

NOTE:  The  map  overlay  input  device  can  serve  two  purposes  in  a  TOC:  : 

the  input  to  the  system  of  freehand  graphic  data  such  as  that  found  on 

an  operation  overlay  (e.g.,  symbols  for  boundaries,  objectives,  phase 

lines);  input  to  the  system  of  actual  map  data  (e.g.,  outlining  3  hill 

mass)  to  allow  the  user  to  highlight  or  modify  map  backgrounds.  Either 

use  of  the  device  requires  that  the  overlay  or  the  actual  map  sheet  be 

placed  on  the  device  and  the  data  to  be  input  then  be  traced  or  input  to 

the  system  in  some  manner. 

(2)  Requirement  =*nd  rationale  number  2  (MB). 

(a)  Requirement  2.  The  device  must  be  large  enough  to  accommodate 

the  map  area  of  coverage  for  the  majority  of  division  tactical  situations  > 

(i.e.,  no  less  than  50  kilometers  by  50  kilometers).  The  size  of  a  ; 

50-kilometer  by  50-kilometer  area  on  a  scale  of  1:50,000  (the  scale  of 
maps  most  widely  used  in  the  division)  is  |  meter  by  I  meter.  i 


(b;  Rationale.  The  area  of  coverage  required  for  most  division 
tactical  displays  is  at  least  50  kilometers  by  50  kilometers. 

(3)  Requirement  and  rationale  number  3  (MB). 

(a)  Requirement  3.  The  registration  of  a  map  on  the  device  must 

only  require  an  operator  to  point  at  and  input  the  UTM  coordinates  of 
any  two  grid  intersections  diagonally  located  in  relation  to  each  other. 
The  map  must  not  have  to  be  exactly  horizontal,  vertical,  or  centered. 

(b)  Rationale.  Entry  of  map  data  or  overlay  data  requires  that 
the  map  or  overlay  first  be  registered.  The  registration  procedure 
should  provide  for  maximum  ease  of  use. 

(4)  Requirement  and  rationale  number  4  (MB). 

(a)  Requirement  4.  The  device  must  be  able  to  accept  for  registra¬ 

tion  maps  which  use  the  UTM  grid  system.  Map  areas  to  be  registered  may 
include  the  junction  of  two  or  more  map  shee+s  and  the  junction  of  two 

or  more  100,000-meter  grid  zones. 

(b)  Rationale.  Maps  in  a  division  TOC  use  the  UTM  grid  system. 

(5)  Requirement  and  rationale  number  5  (MB). 

(a)  Requirement  5.  The  device  should  accept  maps  of  any  scale  but 
must,  as  a  minimum,  accept  maps  with  a  scale  of  1:25,000,  1:50,000, 
1:100,000,  and  1:250,000. 

(b)  Rationale.  The  scales  listed  are  those  used  in  a  division 

TOC. 

(6)  Requirement  and  rationale  number  6  (TEU). 

(a)  Requirement  6. 

J_  The  procedure  for  entry  of  freehand  graphic  data  should  be 
similar  to  the  procedure  listed  below: 

a_  On  the  console,  select  the  desired  area  of  coverage  for  monitor¬ 
ing  the  input.  (This  should  not  have  to  be  the  exact  area  registered  on 
the  input  device.) 

b  Press  the  OVERLAY  DEVICE  Dushbutton  on  the  console.  This  acti¬ 
vates  "the  map  overlay  input  device. 


c  Press  the  desired  graphic  data  line  segment,  the  desired  data 
category,  and  the  desired  cc  .or  pushbuttons  on  the  console.  All  points 
input  from  the  overlay  device  are  displayed  and  connected  by  the  selected 


graphic  line  segment  in  the  selected  color.  The  desired  type  of  line 
segment,  the  data  category,  and  the  color  can  be  changed  at  any  time  by 
pressing  the  appropriate  line-type,  category,  and  color  pushbuttons. 


d_  If  the  map  on  the  input  device  is  not  registered,  type  in  the 
grid  coordinates  of  two  diagonally  located  grid  intersections  and  point 
to  these  points  on  the  map.  This  step  should  not  have  to  be  performed 
again  unless  the  map  is  moved  or  a  new  map  is  positioned  on  the  device. 

e  Press  the  CREATE  ITEM  pushbutton  on  the  input  device. 

f  Input  the  desired  data  item  by  pointing  to  the  series  of  points 
definTng  the  data  item  on  the  overlay.  As  each  succeeding  point  is 
selected,  the  resulting  cumulative  line  segment  should  appear  on  the 
console.  If  the  operator  is  not  satisfied  with  the  last  few  line  seg¬ 
ments,  he  should  be  able  to  delete  them  by  pressing  the  BACKTRACK  push¬ 
button.  If  the  operator  is  not  satisfied  with  the  entire  Item,  he 
should  have  the  option  of  starting  again  by  pressing  the  CREATE  ITEM 
pushbutton  again. 

£  Press  the  COMPLETE  pushbutton. 

h^  Input  additional  items  by  repeating  e,  f,  and  g  above. 

i.  After  all  entries  have  been  made,  the  device  is  turned  off  by 
deactivating  the  OVERLAY  DEVICE  pushbutton  on  the  console. 

2_  The  procedure  outlined  above  can  also  be  used  for  the  input  of 
freehand  graphic  data  directly  from  a  map.  As  far  as  the  device  is  con¬ 
cerned,  it  is  immaterial  whether  the  data  input  is  from  an  overlay  or 
directly  from  the  map  as  long  as  the  user  specifies  the  category  under 
which  each  data  item  is  to  be  displayed. 

(b)  Rationale.  The  procedure  for  using  the  map  overlay  input 
device  should  provide  maximum  ease  of  use  Tor  the  input  of  freehand 
graphic  data. 

(7)  Requirement  and  rationale  number  7  (TEU). 

(a)  Requirement  7.  A  distance  measurement  capability  is  desirable. 
The  measured  distances  must  be  within  5  percent  of  the  actual  distance. 
The  procedure  should  be  similar  to  the  procedure  listed  below: 

J_  Press  the  OVERLAY  DEVICE  pushbutton  on  the  console. 

2  If  the  map  on  the  input  device  is  not  registered,  type  in  the 
coordinates  of  two  diagonally  located  grid  intersections  and  point  to 
these  points. 
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3  Press  the  DISTANCE  MEASUREMENT  pushbutton. 

4  Measure  the  desired  cumulative  distance  on  the  map  by  pointing 
to  the  start  point,  succeeding  points  of  inflection,  and  the  end  point. 

5  Press  tne  COMPLETE  pushbutton.  This  causes  the  distance  meas¬ 
ured  To  appear  in  meters  on  the  console  screen. 

6  Measure  additional  distances  by  repeating  £  and  £  above. 

1_  Turn  off  the  devi^  by  deactivating  the  OVERLAY  DEVICE  pushbutton. 

(b)  Rationale.  Distance  measurement  is  commonplace  in  TOC  planning 
and  operations  (e.g.,  road  movement  planning).  This  device  is  a  "natural" 
for  distance  measurement,  since  very  little  effort  is  required  to  provide 
this  capabi I ity. 

(8)  Requirement  and  rationale  number  8  (RAM). 

(a)  Requirement  8.  Maintainability  of  the  device  should  be  such 
that  any  unscheduled  maintenance  action  does  not  exceed  30  minuses. 

(b)  Rationale.  Use  of  the  map  overlay  input  device  is  not  expected 
to  be  continuous;  but  when  the  device  is  required,  its  availability  and 
reliability  must  be  high.  Thirty  minutes  is  the  maximum  time  that  a 
user  can  be  reasonably  expected  to  wait  if  he  has  map  or  overlay  data 
which  he  needs  to  input  to  the  system. 

g.  Map  overlay  output  device.  The  map  overlay  output  device  is 
used  to  output  hard  copy  of  interactive  graphic  display  console  scenes. 

The  output  is  in  the  form  of  an  overlay. 

(I)  Requirement  and  rationale  number  I  (VDD). 

(a)  Requirement  I.  The  map  overlay  output  device  must  be  abie  to 
display  the  64-character  ASCII  set;  the  EM  21-30  symbols  listed  below; 
symbology  added  to  the  symbol  generator  by  the  user;  circles;  ellipses; 
and  freehand  graphics  such  as  symbols  for  boundaries  and  axis  of  advance. 
The  following  symbols  should  be  a  part  of  the  permanent  symbol  generator. 
FM  21-30  illustrates  each  symbol  and  provides  examples  of  the  use  of  the 
symbols. 


Military  Unit  Symbols 

HEADQUARTERS 
CENTER  OF  MASS 
TRAINS 
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NOTE:  Military  unit  symbols  must  be  displayed  as  actual  or  proposed. 
In  addition,  they  must  denote  whether  the  represented  unit  is  a  task 
force. 


AIRBORNE 

AIR  DEFENSE  ARTILLERY 

AIRMOBILE 

ANTITANK 

FIELD  ARTILLERY 


Branch  Duty  Symbols 

ARMOR 
AVIATION 
CAVALRY 
CHEMICAL 
ENGINEER,  BRIDGE 


Craphic  Symbols 


ENGINEER 

INFANTRY 

MAINTENANCE 

PSYCHOLOGICAL  OPERATIONS 
SIGNAL 

TRANSPORTATION 


OBSERVATION  POST 
COORDINATING  POINT 
MINE,  ANTITANK 
MINE,  ANTIPERSONNEL 
POL  POINT,  GROUND  (combat  service 
support  l nsta 1 1  at i on ) 


AMMUN I T I  ON  SUPPLY  POINT,  ALL 
TYPES  (combat  service  support 
instal lation) 

AID  STATION  (combat  service 
support  I nsta I lation) 


Line-Type  Graphic  Symbols 


SOLIO  LINE 

TRENCH,  BASIC  SYMBOL 

WIRE,  CONCERTINA,  SINGLE 


DASHED  LINE 

TANK  OBSTACLE,  TYPE  UNSPECIFIED 
LINE  OF  CONTACT  (defensive  frontline 
trace) 


(b)  Rationale.  Tactical  situation  displays  require  this  symbology 
as  a  minimum.  The  selection  of  the  symbols  for  inclusion  in  the  perma¬ 
nent  symbol  library  is  based  on  their  expected  frequency  of  use. 

(2)  Requirement  and  rationale  number  2  (VDD). 

(a)  Requirement  2.  The  symbol  style  and  proportion  of  output  must 
match  that  used  on  the  Interactive  graphic  display  console. 

(b)  Rationale.  This  precludes  output  which  appears  different  from 
the  console  display  when,  in  fact,  it  is  not. 

(3)  Requirement  and  rationale  number  3  (VDD). 

(a)  Requirement  3.  A  minimum  of  three  colors  is  desired.  Three 
colors  allow  friendly,  enemy,  and  control  measure  symbols  to  be  color 
coded.  Four  to  six  colors  are  desirable.  Color  selection  must  be  based 
upon  obtaining  a  high  degree  of  contrast  in  relation  to  the  map  back¬ 
grounds  the  overlays  will  be  displayed  against. 
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(b)  Rationale.  Distinction  of  friendly  symbols  from  enemy  symbols 
Is  possible  on  a  one  color  display  by  means  of  shape  coding.  However, 
the  enhanced  ability  of  the  user  to  readily  distinguish  between  color 
coded  enemy,  friendly,  and  boundary  data  items  at  a  glance  Is  required 
to  preclude  delay  In  their  discrimination.  Additional  colors  over  and 
above  three  allow  the  highlighting  of  selected  symbols  or  the  color 
coding  of  particular  categories  of  information.  The  selected  colors 
must  stand  out  from  the  map  background  data.  This  enhances  dynamic 
symbol  legibility. 

(4)  Requirement  and  rationale  number  4  (VDD). 

(a)  Requirement  4.  The  overlay  must  be  capable  of  being  output  on 
transparent  material.  This  Is  not  Intended  to  exclude  output  on  other 
material  such  as  paper. 

(b)  Rationale.  This  allows  placement  of  the  resulting  overlay 
over  a  standard  military  topographic  paper  map  where  it  will  normally  be 
used.  The  contrast  of  the  symbols  against  the  standard  military  topo- 
grapnic  paper  map  is  an  important  consideration. 

(5)  Requirement  and  rationale  number  5  (VDD). 

(a)  Requirement  5.  The  symbology  when  shown  against  a  standard 

military  topographic  paper  map  must  be  fully  legible  in  as  little  as 
30  foot-candles  of  ambient  light. 

(b)  Rationale.  Low  ambient  light  levels  may  exist  where  the  over¬ 
lays  will  be  used. 

(6)  Requirement  and  rationale  number  6  (VDD). 

(a)  Requirement  6.  One  symbol  size  is  all  that  is  required.  The 

size  should  be  selected  so  that  the  symbols  are  fully  legible  to  The 
individuals  working  with  a  map  board  under  30  foot-candles  of  light. 
However,  the  symbols  must  be  smalt  enough  to  present  a  tactical  sit¬ 
uation  display  that  is  not  unduly  cluttered. 

(b)  Rationale.  Overlays  must  be  fully  legible  and  present  tactical 
situation  displays  that  are  not  unduly  cluttered. 

(7)  Requirement  and  rationale  number  7  (PAC). 

(a)  Requirement  7.  The  overlays  produced  by  the  map  overlay  out¬ 
put  device  will  be  used  witn  standard  military  paper  maps.  The  data 
items  on  the  overlay,  when  placed  over  the  maps,  must  be  no  more  than 
100  meters  from  the  symbol  locations  used  in  Inputting  the  overlay  to 
the  display  system. 
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(b)  Rationale.  Current  manual  procedures  for  plotting  symbols 
against  the  1:50,000  scale  standard  military  map  have  an  Inherent  plot¬ 
ting  accuracy.  The  average  individual  updating  a  map  In  the  TOC  will, 
with  few  exceptions,  position  a  given  symbol  within  100  meters  of  its 
specified  map  location.  Most  display  users  in  the  operations  and  intel- 
I igence  sections  of  the  TOC  are  concerned  with  the  effect  that  symbol 
placement  accuracy  has  on  the  evaluation  of  the  positional  relationships 
of  the  displayed  symbols.  While  some  users  may  require  greater  accuracy, 
the  inherent  accuracy  of  manual  map  posting  is  acceptable  to  most  users 
in  the  TOC. 


(8)  Requirement  and  rationale  number  8  (PAC). 

(a)  Requirement  8.  Every  data  item  on  a  display  scene  selected 
for  output  as  an  overlay  must  be  present  on  the  hard  copy  produced  by 
the  device. 

(b)  Rationale.  Overlays  produced  by  the, device  must  be  complete. 
Missing  data  items  on  an  overlay  degrade  the  utility  of  the  overlay. 

(9)  Requirement  and  rationale  number  9  (MB). 

(a)  Requirement  9.  The  map  overlay  output  device  copy  size  must 
be  at  least  I  meter  by  I  meter. 

(b)  Rationale.  This  allows  the  complete  output  of  most  division 
tactical  situation  displays  for  the  most  commonly  used  scale  and  required 
area  of  coverage.  A  50-kilometer  by  50-kilometer  area  of  coverage  on  a 
1:50,000  scale  standard  military  map  measures  I  meter  by  I  meter. 

(10)  Requirement  and  rationale  number  10  (MB). 

(a)  Requirement  10.  The  device  should  have  the  ability  to  provide 
copy  to  any  scale  desired.  As  a  minimum,  the  operator  must  be  able  to 
specify  scales  of  1:25,000,  1:50,000,  1:100,000,  and  1:250,000. 

(b)  Rationale.  Division  tactical  overlays  will  normally  be  used 
with  standard  scale  military  maps  and  therefore  must  have  a  I  to  I  ratio 
with  these  maps. 


(II)  Requirement  and  rationale  number  II  (TEU). 

(a)  Requirement  II.  All  tactical  display  scenes  on  the  interactive 
graphic  display  console  should  be  reproducible  in  multiple  copy  on  the 
map  overlay  output  device. 


u 

(b)  Rationale.  Overlays  are  a  normal  annex  to  operation  orders. 

(12)  Requirement  and  rationale  number  12  (TEU). 

(a)  Requirement  12.  The  procedure  for  producing  hard  copy  on  this 
device  is  simitar  to  the  procedure  used  for  outputting  a  scene  to  the 
group  display  oevlc3.  The  scene  must  first  be  displayed  on  an  Inter¬ 
active  graphic  display  console.  The  PRODUCE  OVERLAY  pushbutton  on  the 
console  Is  then  pressed.  After  typing  the  desired  number  of  copies,  the 
console  should  be  free  to  return  to  other  display  functions. 

(b)  Rationale.  Maximum  ease  in  producing  overlays  of  a  selected 
display  scene  should  be  provided. 

(13)  Requirement  and  rationale  number  13  (TEU). 

(a)  Reauirement  13.  The  time  to  produce  one  copy  must  not  exceed 
5  minutes.  However,  a  time  of  I  to  2  minutes  per  copy  Is  extremely 
desirable. 

(b)  Rationale.  The  device  should  easily  Improve  upon  the  time 

required  to  manually  produce  an  overlay.  One  to  two  minutes  per  copy 
facilitates  production  of  multiple  copies.  ^ 

i-i 

(14)  Requirement  and  rationale  number  14  (TEU). 

(a)  Requirement  14.  The  map  overlay  output  device  should  be 
capable  of  remote  operation. 

(b)  Rationale.  This  allows  the  transmission  of  overlays  to  lower 
echelons  which  may  not  have  an  automated  display  system.  This  device 
may  require  a  small  memory  unit  o*  buffer  to  preclude  tying  up  communi¬ 
cation  lines. 

(15)  Requirement  and  rationale  number  15  (RAM). 

(a)  Requirement  15.  Maintainability  of  the  device  should  be  such 
that  any  unscheduled  maintenance  action  does  not  exceed  30  minutes. 

(b)  Rationale.  Use  of  the  map  overlay  output  device  is  not 
expected  to  be  continuous;  but  when  the  device  is  required.  Its  avail¬ 
ability  and  reliability  must  be  high.  Thirty  minutes  is  the  maximum 
time  that  a  user  can  be  reasonably  expected  to  wait  if  he  has  map  or 
overlay  data  which  he  needs  to  output  from  the  system. 

h.  Printer. 

(I)  Requirement  and  rationale  number  I  (VDD). 
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(a)  Requirement  I.  The  characters  in  the  64-character  ASCII  set 
are  required  for  output  by  the  printer.  The  size,  style,  and  proportion 
of  the  characters  must  be  fully  iegible  to  the  user  when  they  are  viewed 
as  lines  of  print  in  as  little  as  30  foot-candles  of  ambient  light. 

(b)  Rationale.  Thirty  foot-candles  is  the  minimum  ambient  light 
required  for  reading  high  contrast  or  we  1 1 -printed  material. 

(2)  Requirement  and  rationale  number  2  (TEU). 

(a)  Requirement  2.  The  print  area  must  be  visible  to  the  user. 

(b)  Rationale.  This  precludes  the  possibility  of  output  not  being 
noticed  by  the  user  or  his  having  to  advance  the  page  to  read  newly 
received  data. 

(3)  Requirement  and  rationale  number  3  (TEU). 

(a)  Requirement  3.  The  size  of  printer  output  copy  should  be  the 
standard  8  inches  by  10  1/2  inches. 

( b )  Rat i ona I e . 

J_  Examples  o'  hard  copy  which  could  be  output  by  the  printer 
include: 


OPORD 

INTSUM 

SITREP 


TASK  ORGANIZATION 
CHALLENGE/PASSWORD 
WEATHER  DATA 


TABULAR  (CHART)  DATA 
FREE  TEXT  MESSAGES 
FORMATTED  MESSAGES 


2_  None  of  the  above  require  hard  copy  size  larger  than  the  8  inch  | 
by  10  !/2  inch  size  used  in  the  manual  system.  The  printer  should  % 
provide  hard  copy  in  the  size  normally  used  in  the  manual  system.  This  I 
will  allow  the  hard  copy  to  be  reproduced  on  available  reproducing  I 
equipment  (e.g,,  xerox,  thermofax).  Reproduction  by  existing  equipment  I 
negates  the  requirement  for  multiple  copies.  | 


(4)  Requirement  and  rationale  number  4  (TEln. 

(a)  Requirement  4.  Receipt  of  data  from  an  outside  ADp  source 
must  be  automatic.  When  the  printer  is  activated,  an  audible  alert 
(adjustable  by  the  operator  down  to  zero  volume)  must  indicate  to  the 
operator  that  output  is  being  printed. 

(b)  Rationale.  Receipt  of  ADP  data  from  an  outside  source  should 
not  require  operator  interaction.  Incoming  data  may  go  unnoticed  if 
there  is  no  alert. 
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(b)  Requirement  and  rationale  number  5  (TEU). 

(a)  Requirement  5.  Output  of  alphanumeric  data  from  the  system’s 
data  base  shou'd  only  require  the  display  of  the  desired  categories  and 
pressing  of  the  PRINTER  pushbutton.  The  pushbutton  should  remain  lit 
until  the  output  is  produced;  then  It  should  automatically  turn  off. 

(b)  Rationale.  This  provides  maximum  ease  of  use  when  producing 
printer  output  of  selected  categories. 

NOTE:  The  procedure  for  initiating  printer  copy  from  the  Interactive 
graphic  display  console  is  not  intended  to  restrict  initiation  of  printer 
copy  to  the  Interactive  graphic  display  console  alone.  Certain  types  of 
alphanumeric  data  may  be  better  displayed  on  the  alphanumeric  display 
console  and  then  output  to  the  printer  by  means  of  a  pushbutton  on  the 
alphanumeric  display  console. 

(6)  Requirement  and  rarlor.ale  number  6  (TEU). 

(a)  Requirement  6.  The  printer  must  be  capable  of  outputting  a 
full  page  of  single-spaced  alphanumerics  within  30  seconds. 

(b)  Rationale.  Thirty  seconds  is  well  within  the  capability  of 
available  medium  speed  printers. 

(7)  Requirement  and  rationale  number  7  iRAM). 

(a)  Requirement  7.  Maintainability  should  be  such  that  any 
unscheduled  maintenance  action  does  not  exceed  30  minutes. 

(b)  Rationale.  The  printer  is  normally  on  continuously,  even 
though  If  provides  output  at  unspecified  intervals.  Two  primary  uses  of 
fhe  printer  are  the  "logging"  of  messages  from  ADP  sources  outside  the 
automated  display  system  and  the  output  of  aiphanumer  ~  data  contained 
in  the  system's  data  base.  Therefore,  the  operational  availability  3nd 
the  reliability  of  +he  printer  must  be  high. 

i.  Alphanumer ic  display  console. 

(I>  Requirement  and  rationale  number  I  (VOD). 

(a)  Requirement  1.  The  symbols  required  to  be  displayed  on  the 
console  are  the  64-charactsr  ASCII  set.  Message  formats  and  tabular 
chart  outlines,  either  completed  or  to  be  completed,  will  also  be 
displayed. 
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(b)  Rationale.  Alphanumeric  displays  consist  of  ASCII  characters 
displayed  against  message  formats  or  tabular  chart  outlines. 

(2)  Requirement  and  rationale  number  2  (VDD). 

(a)  Requirement  2.  Two  colors  are  desirable. 

(b)  Rationale.  The  second  coior  allows  message  formats  and  tabular 
chart  outlines  to  be  readily  distinguished  from  the  dynamic  data. 

(3)  Requirement  and  rationale  number  3  (VDD). 

(a)  Requirement  .  Tne  screen  size  should  be  designed  to  display 
approximately  1,500  characters  to  an  operator  who  is  within  easy  arm’s 
reach  of  the  display. 

(b)  Rationale.  This  is  The  number  of  characters  specified  for  the 
MIOD  in  the  IDS  MN  document.  Screen  size  is  affected  by  the  distance  cf 
the  operator  from  the  screen,  character  size,  and  the  number  of  charac¬ 
ters  to  be  displayed. 

(4)  Requirement  and  rationale  number  4  (VDD). 

(a)  Requirement  1.  Displays  on  the  console  must  be  fully  'egiblo 
under  normal  office  lighting  (70  foot-candles  at  desk  top  level). 

(b)  Rationale.  This  precludes  eyestrain  and  fatigue  of  the  indi¬ 
viduals  working  in  the  immediate  area.  Full  legibility  under  normal 
office  lighting  is  well  within  the  capability  of  available  alphanumeric 
display  consoles. 

(5)  Requirement  ana  rationale  number  5  (VDD). 

(a)  Requirement  5.  The  operator  must  be  able  to  adjust  the 
brightness  of  the  display  by  means  of  a  brightness  control  located  on 
the  console. 

(b)  Rationale.  This  allows  the  operator  to  adjust  the  brightness 
of  the  display  to  suit  tne  ambient  light  environment. 

(6)  Reau i remotv*  ana  rationale  number  6  (TEU). 

(a)  Requirement  6.  Certain  design  features  should  be  incorporated 
to  facilitate  operator  use  t;f  the  device.  Examples  of  these  design 
features  are  listed  below; 

i  Instantaneous  visual  feedback  when  a  character  is  neing  typed  or 
a  manipulation  is  being  performed  so  the  operator  can  !mmed lately  see 
tne  result  of  his  action. 
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2  A  brightness  control  with  which  the  operator  can  adjust  the 
display  brightness  to  the  ambient  light  environment. 

£  A  standard  (typewriter)  keyboard  layout  for  convenient  entry  of 
ASCII  characters. 

£  A  control  to  shift  left,  right,  up  or  down. 

5  Margin  and  tab  controls  to  assist  in  formatting  data  as  well  as 
completing  blank  formats. 

6  A  marker  symbol  to  assist  in  positioning  d'ta  by  indicating 
where  the  next  character  will  appear. 

(b)  Rationale.  These  design  features  will  facilitate  operator  use 
of  the  console. 

(7)  Requirement  and  r  lonaio  number  7  (TED). 

(a)  Requirement  7.  The  procedures  implemented  to  accomplish  the 
functions  of  the  alphanumeric  display  console  must  provide  for  maximum 
ease  of  use.  The  procedures  recommended  for  the  interactive  graphic 
display  console  should  be  referred  to  for  the  degree  of  simplicity  and 
user  convenience  that  is  desired.  Examples  of  the  functions  the  device 
should  be  able  to  perform  are  listed  below: 

£  Display  of  message  formats  which  are  used  for  data  input  into 
the  system,  data  input  to  TOS,  or  query  of  the  TOS  data  base. 

2_  Display  of  alphanumeric  data,  to  include  tabular  data,  contained 
in  the  system’s  data  base. 

£  Manipulation  and  update  of  displayed  alphanumeric  data. 

£  Composition  and  display  of  free  text  data. 

£  Transmission  of  formatted  data  to  TOS. 

6  Transmission  of  formatted  and  free  text  data  to  another  display 
system’s  alphanumeric  display  console,  interactive  graphic  display 
console,  or  line  printer. 

7  Transmission  of  displayed  alphanumeric  data  to  an  Interactive 
graphic  display  console  of  the  display  system. 

8  Output  of  displayed  alphanumeric  data  on  the  system's  line 
printer. 


(b)  Rationale.  The  alphanumeric  display  console  is  the  primary 
device  used  for  the  input,  display,  manipulation,  and  transmission  of 
alphanumeric  data. 

(8)  Requirement  and  rationale  number  8  (RAM). 

(a)  Requirement  8.  The  reliability  and  maintainability  of  the 
alphanumeric  display  console  should  be  such  that  the  principal  users 
(i.e.,  G2,  G3)  of  the  system,  are  not  deprived  access  to  a  console  for 
more  than  15  minutes. 

(b)  Rationale.  If  there  are  several  alphanumeric  display  consoles 
located  within  a  TOC,  the  failure  o+  any  one  console,  although  detrimental 
to  the  console  user,  does  not  result  in  total  system  failure. 

Section  III  -  Perrormance  of  Evaluated  Automated  Display  Systems 
2-7.  Introduction. 


a,  General. 

(1)  This  section  addresses  objective  3  of  FMII6  -  Evaluate  the 
suitability  of  candidate  computer  driven  display  technological  approaches 
to  meet  proposed  requirements  criteria. 

(2)  The  section  evaluates  the  performance  of  the  three  candidate 
automated  display  systems  (scribe,  CRT,  photochromic)  against  the  require 
ments  stated  in  section  II,  paragraph  2-6  of  this  chapter.  Each  require¬ 
ment  is  addressee  'n  the  order  that  it  is  stated  in  paragraph  2-6. 

(3)  A  detailed  description  of  the  specific  device  of  each  of  the 
three  systems  precedes  evaluation  of  the  devices.  Each  requirement  is 
addressed  in  the  format  listed  below: 

(a)  Statement  of  the  requirement. 

(b)  Performance  of  each  device.  The  performance  of  each  device  is 
rated  as  "No,"  "Met,"  or  "Exceeded,"  depending  upon  whether  the  perfor¬ 
mance  was  judged  as  falling  short  of,  meeting,  or  exceeding  the  require¬ 
ment.  Some  requirements  identify  a  capability  which  was  not  required 

by  the  design  specifications  for  the  device.  For  these  requirements, 
the  rating  is  stated  as  NA  (not  applicable). 

(c)  Discussion  of  experimentation  data  (objective  and  subjective) 
which  determined  the  performance  ratings. 

(d)  Signi‘.cant  performance  data  (when  appropriate). 
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(4)  A  comparative  analysis  of  the  relative  performance  of  each 
candidate  system  device  in  meeting  the  stated  requirements  concludes  the 
section. 


irJ 


b.  Map  backgrounds. 


(1)  As  a  result  of  the  map  conference  held  a.'  Fort  Hood  in  July 
1972  (chapter  I,  section  II,  subparagraph  l-4f),  the  Defense  Mapping 
Agency  (DMA)  prepared  map  background  slides  to  be  used  during  the  experi¬ 
mental^  on.  The  CRT  system  was  the  only  system  which  was  able  to  display 
the  full  complement  of  maps  prepared  by  DMA.  These  slides  were  on 
standard  35-millimeter  slide  film  and  were  incompatible  with  the  projec¬ 
tion  technique  used  by  the  scribe  system.  The  process  for  etching 
quality,  color  map  data  on  the  glass  slides  used  in  the  scribe  reference 
projectors  was  difficult  and  costly.  It  was  decided,  therefore,  not  to 
obtain  color  slides  for  the  scribe  system.  Instead,  the  Northrop  Corp¬ 
oration  provided  a  set  of  two  white-on-black  background  slides  for  the 
group  display.  The  area  of  coverage  for  both  slides  was  40  kilometers 

by  40  kilometers.  One  slide  contained  the  amount  of  detail  on  the  level 
6  map  background  described  in  figure  2-3.  The  other  was  a  photograph  of 
a  1:50,000  scale  standard  military  topographic  map. 

(2)  In  order  to  obtain  comparison  data  for  legibility  of  the 
scribe  dynamic  symbology  against  color  map  backgrounds,  a  Model  800 
Kodak  Carousel  projector  with  a  fens  having  the  same  focal  length  and 
speed  as  that  used  on  the  CRT  grcup  display  was  used.  The  projector  was 
mounted  behind  the  group  display  }t  the  height  and  standoff  distance 
necessary  to  project  a  5-foot  by  5-foot  map  image  onto  the  group  display 
screen.  The  slides  used  with  this  projector  were  a  duplicate  set  of 
those  used  with  the  CRT  group  display  background  projector.  The  pro¬ 
jector  and  map  backgrounds  were  also  used  during  the  CPX.  The  level  4, 
level  6,  and  standard  military  topographic  map  backgrounds  (fig  2-3) 
were  used  during  legibility  testing  of  dynamic  symboiogy  on  the  scribe 
group  display. 

(3 )  The  consoles  in  the  scribe  system  did  not  have  a  map  back¬ 
ground  display  capability.  The  operator  was  assisted  in  visualizing  the 
area  of  coverage  and  in  approximating  the  location  of  displayed  symbols 
by  computer-generated  tick  marks. 


c 
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(4)  The  map  backgrounds  prepared  by  DMA  fur  use  with  the  CRT 
system  are  described  in  figure  2-3.  Each  baCKground  was  on  a  35-milli¬ 
meter  color  slide.  The  image  area  on  the  analysis  console  slides  was 
18  millimeters  by  18  millimeters,  and  the  area  on  the  group  display 
slides  was  22  millimeters  by  22  millimeters.  The  required  map  area  of 
coverage  for  the  CPX  was  provided  by  a  number  of  overlapping  slides  for 
each  type  background.  The  amount  of  overlap  between  adjacent  slides  was 
50  percent. 
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Type  of 
background 


Area  of  coverage 
(ki iometers) 


Level  6 


32  by  32 


Level  5 


32  by  32 


Level  4 


32  by  32 


Description 


All  data  was  highlighted  against  a 
black  background.  Data  included 
hilltops;  major  rivers,  lakes, 
roads,  and  towns;  and  grid  lines 
10  kilometers  apart. 

All  data  was  highlighted  against  a 
black  background.  Data  included 
all  that  found  on  the  level  6  map 
plus  bodies  of  water  more  than 
60  feet  Wide,  railroads,  all  towns, 
and  grid  lines  5  kilometers  apart. 

All  data  was  highlighted  against  a 
black  background.  Data  included 
all  that  found  on  the  level  5  map 
plus  slooes  greater  than  60  percent, 
secondary  roads,  and  major  vege¬ 
tated  areas. 


Level  3  32  by  32 


standard  32  py  32 

ml  |  itary 
topographic 
map  (minus) 


Standard  32  by  32 

mi  I itary 

topographic 

map 


All  data  was  highlighted  against  a 
black  background.  Data  included 
all  that  found  on  the  level  4  map 
plus  contour  lines  at  200  meter 
intervals,  unpaved  roads,  streams 
and  creeks  less  than  60  feet  wide, 
unpaved  roads,  vegetated  areas 
more  than  one  grid  square,  power 
lines,  and  grid  lines  I  kilometer 
apart. 

Photograph  (slide)  of  a  1:50,000 
scale  standard  military  topo¬ 
graphic  map  with  the  following 
omitted:  all  contour  lines  ex¬ 
cept  those  at  100-meter  intervals, 
intermittent  streams,  foot  trails, 
orchards,  vineyards,  and  isolated 
bu i I d i ngs . 

Photograph  (slide)  of  1:50,000 
scale  standard  military  topo¬ 
graphic  map  area. 


Figure  2-3.  Map  backgrounds. 


(5)  The  map  backgrounds  available  with  the  photochromic  system 
were  specified  by  IJSAMC-ECOM.  The  backgrounds  for  the  group  display 
were  70-millimeter  color  slides  of  1:50,000  scale  standard  military 
topographic  map  areas.  A  matching  set  of  25-millimeter  slides  was  used 
on  the  data  entry  and  edit  module  (DEEM).  The  map  area  of  coverage  was 
36  k‘ lometers  in  the  east-west  direction  and  27  kilometers  in  the  north- 
south  direction.  The  image  area  on  the  console  slides  measured  24  mil¬ 
limeters  by  18  millimeters.  The  image  area  on  the  group  display  slides 
measured  76  millimeters  by  57  millimeters.  Area  of  coverage  continuity 
was  provided  by  a  33  percent  overlap  between  adjacent  slides. 

(6)  For  the  purpose  of  obtaining  dynamic  symbology  legibility  com¬ 
parison  data  on  the  photochromic  system,  DMA  prepared  a  set  of  level  4 
and  level  6  map  backgrounds  on  70-millimeter  slides.  These  backgrounds 
were  identical  to  those  used  on  the  CRT  system,  except  that  the  map  data 
was  on  a  white  rather  than  a  black  background.  This  made  them  compatible 
with  the  projection  technique  employed  by  the  photochromic  group  display 
device.  The  level  4  and  level  6  35-millimeter  background  slides  which 
were  used  on  the  CRT  group  display  were  also  used  for  dynamic  symbology 
legibility  testing  on  the  DEEM. 

c.  Reliability,  availability,  and  maintainability.  The  experi¬ 
mentation  was  not  designed  fo  collect  reliability,  availability,  and 
maintainability  data.  It  was  focused  on  the  collection  of  specific 
performance  data.  Additionally,  the  scribe  and  CRT  systems  used  com¬ 
mercial  hardware.  Consequently,  the  equipment  was  not  required  to 
operate  continuously,  nor  to  operate  in  a  field  environment  in  the 
performance  of  display  functions  associated  with  TOC  mission  accom¬ 
plishment.  Each  system  was  operated  for  less  than  250  hours  in  incre¬ 
ments  of  8  hours  or  less.  Therefore,  J  .  three  systems  were  not  eval¬ 
uated  as  to  their  ability  to  meet  el  ia„ i  tty,  availability,  and  main¬ 
tainability  requirements.  However,  a  list  of  the  corrective  maintenance 
actions  which  occurred  during  the  experimentation  was  maintained  for 
each  system.  This  list  is  contained  in  part  three,  section  IV. 
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v  2-8.  Display  Processor.  The  requirements  for  the  display  processor 

were  all  Identified  as  a  result  of  the  experimentation.  Therefore,  they 
are  not  addressed  in  this  section.  A  description  of  the  display  proces¬ 
sor  used  by  each  system  follows.  All  three  systems  employed  an  integral 
general  purpose  digital  minicomputer  to  process  data  and  control  the 
operation  of  the  system.  Each  minicomputer  was  programmed  in  the  assembly 
language  peculiar  to  that  computer.  Limited  onsite  modification  of  the 
minicomputers'  operating  systems  was  possible  by  vendor  programer  input 
of  individual  modification  instructions  through  manual  manipulation  of 
binary  switches  to  represent  the  computer  words.  The  integral  display 
processors  gave  each  s'  'iem  a  "stand-alone"  operational  capability. 

a.  Scribe  -  cLuplay  ptoceAbon.  The  display  processor  was  a  Northrop 
NDC-1060  minicomputer  which  contained  16,000  28-bit  words  of  core  memory. 
Approximately  12,000  words  were  used  for  the  operating  system  and  display 
routines.  The  remainder  of  core  memory  was  used  for  storage  of  the 
user's  data  base, 

b.  CRT  -  display  pfLOceA&OA..  The  CRT  system  used  a  Honeywell 
Model  316  as  the  display  processor.  The  processor  had  16,000  16-bit 
words  of  core  memory.  Approximately  12,000  words  were  used  for  the 
operating  system  and  a  table  which  represented  the  data  items  in  the 
user's  data  base.  The  remaining  part  of  core  memory  was  used  for  the 
storage  of  the  display  routine  currently  in  use.  These  routines  were 
stored  in  a  magnetic  disk  storage  unit  which  contained  approximately 

j  1.25  million  16-bit  words.  The  routines  were  brought  into  core  memory 

as  required.  The  actual  description  of  each  data  base  item  was  also 
stored  on  the  magnetic  disk  and  brought  into  core  when  manipulation  of 
the  item  was  required. 

c.  Photochromic  -  cUAplay  pnacoMon..  The  display  processor  was  a 
Rolm  Model  1601  Rugged nova  which  contained  32,000  16-bit  words  of  core 
memory.  Memory  was  allocated  for  the  operating  system,  the  display  list 
describing  the  data  items  for  the  photochromic.  film  display,  and  the 
display  list  describing  the  data  items  for  the  DEEM. 

2-9.  Interactive  Graphic  Display  Console  (Individual  Display). 

a.  General.  A  description  of  each  device  in  the  three  candidate 
systems  which  performed  functions  corresponding  to  the  requirements 
stated  for  the  interactive  graphic  display  console  follows.  The  display 
screen  for  all  of  the  devices  was  within  easy  arm's  reach  of  an  operator 
seated  at  the  controls. 

(I)  Scribe  -  editing  comole  (EC). 

(a)  The  editing  console  was  a  Tektronix  611  CRT  storage  tube.  A 
medium  persistence  phosphor  on  the  rectangular  display  screen  provided 
green  symbology.  The  console  was  initially  programed  to  refresh  the 
display  periodically  (every  8  minutes),  but  the  refresh  overrode  and 
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interfered  with  operator  manipulation  of  the  display.  The  refresh  of 
the  display  was  reprogramed  to  be  solely  under  operator  control. 

(b)  The  display  screen  measured  8  1/4  inches  horizontally  and 
6  3/8  inches  vertically.  Symbols  were  generated  by  using  a  stroking 
technique.  Alphanumeric,  graphic,  and  military  unit  symbols  were  dis¬ 
played  in  a  single  color. 

(c)  The  interactive  controls  provided  with  the  console  were  a 
keyboard  and  a  joystick.  The  use  of  these  controls  and  the  console  per¬ 
formance  for  the  applicable  requirements  are  discusseo  in  b  below. 

(d)  The  console  was  not  capable  of  displaying  map  backgrounds. 

Tick  marks  displayed  on  the  left  and  bottom  edges  of  the  screen  assisted 
the  operator  in  approximating  the  locations  of  displayed  symbols.  The 
distance  between  the  tick  marks  was  determined  by  the  map  area  of  cover¬ 
age  selected.  The  entire  surface  of  the  rectangular  screen  was  used  for 
the  elected  map  area  of  coverage.  The  map  areas  used  in  FMII6  were 
squa:  .  Thus,  the  actual  screen  dimension  ot  a  specific  map  distance 
(e.g.,  1,000  meters)  in  the  horizontal  direction  was  greater  than  the 
actual  dimension  in  the  vertical  direction. 

(2)  Scribe  -  anaZy&t  aon&oZe.  (AC). 

(a)  The  analyst  console  used  a  magnetically  deflected,  21-inch 
diagonal  Thomas  CRT  storage  tube.  A  medium  persistence  phosphor  on  the 
rectangular  screen  provided  white  symbology  against  the  gray  filter 
glass  surface.  It  was  initially  programed  (as  was  the  editing  console) 
to  refresh  the  display  periodically.  The  automatic  refresh  was  disabled 
and  refresh  was  placed  under  operator  control. 

(b)  Symbols  were  generated  by  a  raster  scan  technique  (1,029 
lines).  The  console  was  capable  of  displaying  alphanumeric,  graphic, 
and  military  unit  symbology  in  the  single  color.  The  symbols  that  the 
analyst  console  were  capable  of  displaying  were  identical  to  those  of 
the  editing  console. 

(c)  The  interactive  controls  provided  with  the  console  were  a 
keyboard,  a  trackball,  and  a  light  pen.  The  use  of  these  controls  and 
the  console  performance  for  the  applicable  requirements  are  discussed  in 
b  below. 

(d)  The  console  was  not  capable  of  displaying  map  backgrounds. 

The  use  of  tick  marks  as  described  for  the  editing  console  assisted  the 
operator  in  approximating  the  locations  of  displayed  symbols.  The 
er.t.re  surface  of  the  rectangular  screen  was  used  for  +he  map  area  of 
coverage.  The  map  areas  used  in  FMII6  were  square.  Thus,  the  actual 
screen  dimension  of  a  specific  map  distance  (e.g.,  1,000  meters)  in  the 
horizontal  direction  was  greater  than  the  actual  dimension  In  the  ver¬ 
tical  direction. 
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(3)  CRT  -  anaZy* td  conioit  (AC). 

(a)  The  analysis  console  used  a  magnetically  deflected,  multicolor 
display  with  a  single-gun  beam  penetration  type  CRT.  Color  selection 
was  determined  by  the  CRT  anode  voltage  which  in  turn  controlled  the 
degree  to  which  electrons  penetrated  phosphor  layers  on  the  tube  screen. 
The  phosphor  layers  provided  a  four  color  capability:  red,  orange, 
yellow,  and  green;  but  the  system  design  allowed  for  only  two  voltage 
inputs.  This  resulted  in  a  two  color  display.  The  colors  used  during 
the  experimentation  were  orange  and  green.  Symbols  displayed  on  the 
console  were  refreshed  by  a  refresh  buffer  unit  (RBU)  separate  from  the 
console.  (The  RBU  also  refreshed  symbols  displayed  on  the  group  display.) 
A  stroking  technique  with  a  maximum  refresh  rate  of  60  hertz  was  used  to 
generate  and  maintain  display  of  symbology. 

(b)  The  CRT  had  a  1 9- inch  diameter  screen.  The  map  image  area  on 
the  screen  was  II  1/4  inches  square.  The  areas  between  the  screen  peri¬ 
meter  and  the  left  border,  right  border,  and  lower  border  of  the  map 
area  were  used  to  display  menus  for  operator  interaction  with  the  system. 

(c)  The  console  displayed  alphanumeric,  graphic,  and  military  unit 
symbology  in  the  two  colors. 

(d)  The  interactive  controls  provided  with  the  console  were  a  key¬ 
board,  a  light  pen,  a  trackball,  and  16  coded  function  switches.  The 
use  of  these  controls  and  the  console  performance  for  the  applicable 
requirements  are  discussed  in  b  below. 

(e)  Map  backgrounds  were  displayed  on  the  face  of  the  rear-ported 
CRT  by  a  Kodak  Ektagraphic  RA-960  slide  projector.  Map  backgrounds  from 
the  80  positions  available  in  the  slide  carousel  could  be  individually 
selected  by  the  operator.  Details  of  the  console  map  background  capa¬ 
bility  are  discussed  under  the  applicable  requirement  in  b  below. 

(4)  Photochromic  -  data  znt/uj  ind  zdlt  modatz  (DEEM)  and  data 
control  unit  (DCU). 


(a)  The  DEEM  used  a  magnetically  deflected,  single  color  (green) 

CRT  display.  The  1 6- inch  diameter  CRT  was  produced  by  Thomas  Electronics. 

(b;  The  DEEM  used  a  stroking  technique  with  a  maximum  refresh  rate 
of  60  hertz  to  display  alphanumeric,  graphic,  and  military  unit  symbology 
in  a  single  color.  The  CRT  was  rear-ported  and  it  used  a  Kodak  Ektagraphic 
RA-960  slide  projector  to  display  map  backgrounds  on  the  screen.  The 
map  image  area  was  10  inches  wide  and  7  1/2  inches  high.  Details  of  the 
DEEM  map  background  capability  are  discussed  under  the  applicable  require¬ 
ments  in  b  below. 


(c)  The  interactive  controls  for  the  DEEM  were  located  on  a  separate 
device,  the  DCU.  The  DCU  was  designed  primarily  to  control  the  group 
display.  When  the  DEEM  was  made  a  part  of  the  system,  the  fund  ions  of 
the  DCU  were  modified  to  include  control  of  the  DEEM.  The  DCU  contained 

a  64-character  ASCII  keyboard,  pushbuttons  for  alphanumeric,  military 
unit,  and  graphic  symbols  and  indicator  lights  for  various  system  func¬ 
tions.  When  a  pushbutton  was  pressed,  an  audio  feedback  (beep)  assured 
the  operator  that  the  pushbutton  contact  was  positive.  The  DCU  also 
included  a  joystick  which  controlled  the  movement  of  a  cursor. 

(d)  A  switch  was  used  to  indicate  the  device  controlled  by  the  DCU. 
All  manipu  jtions  performed  at  the  DCU  affected  displays  on  the  group 
display  device  when  the  switch  was  in  one  position,  and  displays  on  the 
DEEM  were  affected  when  the  switch  was  rotated  to  a  second  position. 

b.  Evaluation. 

(I)  Evaluation  for  requirement  number  I. 

(a)  Requirement  I.  The  console  must  be  able  to  display  the 
64-character  ASCII  set;  the  FM  21-30  symbols  listed  below;  symbology 
added  to  the  symbol  generator  by  the  user;  circles;  ellipses;  and  free¬ 
hand  graphics  such  as  symbols  for  boundaries  and  axis  of  advance.  The 
following  symbols  should  be  a  part  of  the  permanent  symbol  generator. 

FM  21-30  illustrates  each  symbol  and  provides  examples  of  the  use  of  the 
symbols. 


Military  Unit  Symbols 

HEADQUARTERS 
CENTER  OF  MASS 
TRAINS 

NOTE:  Military  unit  symbols  must  be  displayed  as  actual  or  proposed. 
In  addition,  they  must  denote  whether  the  represented  unit  is  a  task 
force. 


AIRBORNE 

AIR  DEFENSE  ARTILLERY 
AIRMOBILE 
ANTITANK 
FIELD  ARTILLERY 


Branch  Duty  Symbols 

ARMOR 
AVIATION 
CAVALRY 
CHEMICAL 
ENGINEER,  BRIDGE 


ENGINEFR 
I NFANTRY 
MAINTENANCE 

PSYCHOLOGICAL  OPERATIONS 
SIGNAL 

TRANSPORTATION 
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Graphic  Symbols 


OBSERVATION  POST 
COORDINATING  POINT 
MINE,  ANTITANK 
MINE,  ANTIPERSONNEL 
POL  POINT,  GROUND  (combat  service 
support  Installation) 


AMMUNITION  SUPPLY  POINT,  ALL 
TYPES  (combat  service  support 
instal I  at  Ion) 

AID  STATION  (combat  service 
support  Installation) 


Line-Type  Graphic  Symbols 

SOLID  LINE  DASHED  LINE 

TRENCH,  BASIC  SYMBOL  TANK  OBSTACLE,  TYPE  UNSPECIFIED 

WIRE,  CONCERTINA,  SINGLE  LINE  OF  CONTACT  (defensive  frontline 

trace) 

(b)  Performance. 


Seri 

be 

CRT 

Photochromic 

Met 

(EC) 

Met 

Met 

Met 

(AC) 

(c)  Discussion. 

The  list  of  symbols 

which  the  scribe  and  the  CRT 

systems  were  capable  of  displaying  was  mutually  agreed  upon  by  MASSTER 
and  each  vendor.  The  list  of  symbols  did  not  include  all  of  the  symbols 
specified  by  the  requirement.  However,  the  scribe  <.  nd  the  CRT  systems 
were  able  to  display  the  symbols  agreed  upon.  The  photochromlc  system 
was  able  to  display  the  symbols  specified  by  USAMC-ECOM.  All  three 
systems  would  have  had  the  required  symbols  in  their  symbol  library  if 
the  designers  had  been  given  the  above  list.  Therefore,  all  three 
systems  were  rated  as  having  met  the  intent  of  the  requirement. 

(d)  Data.  The  number  of  symbols  which  were  contained  in  each 
system's  symbol  library  are  shown  in  figure  2-4. 


Symbol 

Requ i red 

Scribe 

CRT 

Photochromic 

Alphanumeric 

64* 

64* 

64* 

64* 

Mi  1 itary  unit 

Type 

3 

5 

5 

5 

Branch  duty 

16 

4! 

S3 

25 

Individual 

graphic 

7 

16 

7 

6 

Line-type 

graphic 

6 

4 

2 

4 

"The  symbols  i 

Here  the  same 

as  those  contained 

in  the 

64-character  ASCII  set 

Figure  2-4.  Number  of  symbols  In  console  symbol  library. 
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(2)  Evaluation  for  requirement  number  2. 

(a)  Requirement  2.  A  minimum  of  three  colors  is  required.  Three 
colors  allow  friendly,  enemy,  and  control  measure  symbols  to  be  color 
coded.  Four  to  six  colors  are  desirable.  Color  selection  must  be  based 
upon  obtaining  a  high  degree  of  contrast  in  relation  to  the  map  back¬ 
grounds  the  symbols  will  be  displayed  upon. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

No  (EC) 

No 

No 

No  (AC) 

(c)  Discussion. 

1  Scribe.  Both  the  analyst  console  and  the  edi+ing  console  pre- 
sentecT  single  color  displays.  The  consoles  had  no  potential  for  dis¬ 
playing  more  than  one  color.  Shape  coding  was  ‘:sed  to  distinguish 
between  friendly  and  enemy  military  unit  symbols.  The  enemy  military 
unit  rectangle  had  a  notch  or  dovetail  In  place  of  the  right  vertical 
edge.  The  consoles  had  no  map  background  display  capability.  There¬ 
fore,  the  contrast  of  the  symbol  color  against  map  backgrounds  could  not 
be  determined. 

2  CRT.  The  analysis  console  had  the  hardware  potential  for  a  four 
coior  display.  System  design  allowed  for  only  two  of  four  possible 
voltage  inputs  to  the  CRT  anode.  This  resulted  in  a  two  color  display. 

In  addition  to  color,  enemy  military  unit  symbols  were  distinguished  by 
a  notch  or  dovetail  in  place  of  the  right  /ertical  edge  of  the  symbol 
rectangle.  Data,  however,  indicated  that  color  was  the  primary  distin¬ 
guishing  factor  used  by  observers  of  the  display  and  that  shape  coding 
was  unnecessary  when  co’or  was  used.  Contrast  of  the  red  and  green 
symbols  against  the  level  4  and  level  6  map  backgrounds  was  satisfactory. 
The  projection  of  the  standard  military  topographic  map  was  predominantly 
white,  and  contrast  of  the  symbols  (especially  red)  against  this  back¬ 
ground  was  low. 

3  Photochromic.  The  DEEM  had  a  one  color  display.  It  had  no 
potential  for  displaying  more  than  one  color.  Enemy  military  unit 
symbols  were  distinguished  by  a  double  edged  rectangle.  Contrast  of  the 
green  dynamic  symbology  against  the  CRT  system’s  level  4  and  level  6  map 
backgrounds  was  satisfactory.  The  contrast  against  the  standard  r:.i  li¬ 
ter  y  topographic  map  was  also  satisfactory. 

(3)  Evaluation  for  requirement  number  3. 
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(a)  Retirement  3.  The  operator  should  be  able  to  easily  Identify 
any  symbol  on  the  display  white  working  under  normal  office  lighting 
(70  foot-candles  at  desk  top  level).  Full  legib! I Ity  with  desk  lamps 
only  at  each  work  space  Is  marginally  acceptable. 


Performance. 


Photochromic 


Scribe 

Met  (EC) 
Met  (AC) 


(c)  Discussion.  Symbols  on  the  CRT  and  photochromic  consoles  were 
displayed  against  a  map  background  (level  6  for  the  CRT  and  standard 
military  topographic  map  for  the  photochromic).  The  symbols  on  the 
scribe  consoles  were  not  displayed  against  a  map  background  since  they 
did  not  have  a  map  background  display  capability. 

J_  Scribe.  The  operator  could  easily  identify  the  symbols  and  work 
comfortably  for  several  hours  under  the  70  foot-candle  light  condition. 

2_  CRT.  A  light  level  much  lower  than  70  foot-candles  was  required 
for  comfortable  viewing.  The  operator  could  easily  identify  the  symbols 
and  cruld  work  comfortaply  with: 

a_  Desk  lamps  only  and  no  overhead  light. 

b_  Desk  lamps  off  and  the  overhead  ambient  lights  set  for  approxi¬ 
mately  I  to  3  foot-candles  at  desk  top  level. 

3_  Photochromic.  The  operator  could  easily  identify  the  symbols 
and  work  comfortably  for  several  hours  under  the  70  foot-candie  condition, 

(4)  Evaluation  for  requirement  number  4. 

(a)  Requirement  4,.  The  symbol  size  should  be  variable  upon 
operator  request.  However,  the  console  must  be  designed  with  one  opti¬ 
mum  symbol  size  in  mind. 

(b)  Performance. 


Scribe 


Photochromic 


Met  (EC) 
Met  (AC) 


Discussion, 
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!  Scribe.  The  system  had  eight  discrete  symbol  sizes.  Whenever  a 
new  sTze  was  selected,  the  size  of  all  symbols  in  The  display  changed. 
The  apparent  locations  of  the  symbols  remained  the  same  when  the  size  of 
the  display  was  chapged . 

2  CRT.  Two  discrete  sizes  of  alphanumeric  and  military  unit 
symbols  were  available.  However,  size  change  could  be  effected  for 
individual  symbols  only.  Changing  the  size  of  the  entire  display 
required  the  operator  to  individually  change  the  size  of  every  symbol  in 
tho  display. 

_3  Photochromi c .  Only  one  symbol  size  was  available. 

(rj)  Evaluation  for  requirement  number  5. 

fa)  Requirement  5.  The  console  display  area  must  be  large  enough 
to  display  a  tactical  situation  (maximum  of  75  military  unit  symbols  for 
a  division)  with  a  minimum  amount  of  symbol  clutter,  but  if  must  not  be 
so  large  that  it  causes  the  operator  undue  eyestrain  or  head  movement. 

(b)  Performance. 

Scribe  CRT  Photochromic 

No  (EC)  Met  No 

Met  (AC) 

(C)  Discussion. 

_i_  Scribe.  The.  size  of  the  EC  screen  was  rated  as  too  small  by  the 
Ci’X  players  because  of  symbol  clutter  when  the  overall  division  situ¬ 
ation  was  displayed.  Although  cluTter  could  be  reduced  by  changing  to  a 
smaller  symbol  size,  the  smaller  symbol  size  reduced  the  legibility  of 
the  symbols,  especially  the  a  I phanumer ics.  The  same  CPX  players  rated 
the  AC  screen  size  as  sat i siactory , 

7  CRT.  The  size  of  the  analysis  console,  although  rated  as 
meeting  the  requirement,  was  marginal  for  the  symbol  size  used.  The 
display  was  rated  incomprehensible  when  the  fetal  number  of  military 
up  it  symbols  exceeded  50.  When  placed  as  close  as  possible,  with  no 
overlap,  72  friendly  or  66  enemy  military  unit  symbols  filled  the 
screen.  This  screen  symbol  capacity  met  player  requirements  during  the 
CPX  uc'  the  maximum  number  of  symbols  used  during  the  CPX  was  36. 

•)  Photochromic .  The  DEEM  screen  was  rated  as  foo  small  because  of 
*  yml-of  r  I  utter  when  the  overall  division  situation  was  displayed.  No 
provision  was  available  for  reducing  clutter  by  chartpinq  symbol  size. 

(C)  Evaluation  for  requirement  number  6, 
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(a)  Requirement  6.  The  displayed  symbology  must  not  have  any  dis¬ 
cernible  f I icker. 


(b)  Performance. 


Scribe 

CRT 

Photochromic 

Met  (EC) 

Met  (AC) 

Met 

Met 

(c)  Discussion.  FI icker  was  not  discernible  on  the  scribe  and 
photochromic.  consoles.  Slight  (but  not  distracting)  flicker  occurred  on 
the  CRT  console  when  a  display  containing  a  large  number  of  symbols 
(approximately  75  data  iter., s)  was  also  displayed  on  the  group  display. 
This  could  have  been  precluded  b^  having  separate  refresh  buffer  units 
for  the  analysis  console  and  the  group  display  rather  than  using  one 
buffer  for  both  devices. 

(7)  Evaluation  for  requ  i remertl  number  7. 

(a)  Requirement  7.  The  brightness  of  each  color  oi  dynamic  symbol¬ 
ogy  and  each  coior  representing  a  map  data  feature  should  be  controllable 
by  the  console  operator.  As  a  minimum,  the  operator  must  be  able  to 
vary  the  overall  brightness  of  the  dynamic  symbology  and  the  overall 
brightness  of  the  map  background. 


(b) 

Performance. 

Scr ibe 

cm 

Photochromic 

NA  (EC) 
MA  (AC) 

No  t- 

Met 

(c) 

Discussion. 

1 

Scribe.  The  editing  and 

analyst  consoles 

had  an  operator- 

control leo  knob  for  varying  the  brightness  (intensity)  of  their  symbol¬ 
ogy.  The  consoles  had  no  map  background  display  capability. 

CRT.  The  analysis  console  had  a  knob  with  which  the  operator 
could  control  the  intensity  of  both  d/namic  symbology  colors  at  the 
same  time.  There  were  no  individual  color  brightness  controls.  The 
console  did  not  have  a  control  for  varying  the  brightness  of  the  dis¬ 
played  map  background. 

3  Pnotochromic.  Separate  control  knobs  which  controlled  the 
brightness  of  the  dynamic  symbology  (the  DEEM  had  only  one  color)  and 
the  brightness  of  tho  displayed  map  background  wore  provided  on  the 
DEEM. 
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(8)  Evaluation  for  requirement  number  8. 

(a)  Requirement  8.  Fully  automatic  declutter  (offset)  without 
affecting  currently  displayed  symbols  upon  initial  display  (regardless 
of  whether  manually  created  or  received  from  TOS)  of  any  symbol  for  a 
military  unit,  spot  report,  sensor  locations,  etc.,  is  required.  The 
declutter  lines  must  be  directly  attached  to  the  symbol. 

(b)  Performance. 


Scr 

■ibe 

CRT 

Photochromic 

No 

(EC) 

No 

NA 

No 

(AC) 

(c)  Discussion. 

1  Scribe.  The  system  automatically  decluttered  data  input  from 
DEVT05\  Symbols  input  by  the  operator  at  the  consoles  had  to  be  man¬ 
ually  decluttered.  Declutter  lines  were  not  attached  to  military  unit 
symbols.  Comprehension  of  a  scene  containing  a  number  of  military  unit 
symbols  and  declutter  lines  was  difficult  since  the  observer  had  to 
determine  which  symbol  was  associated  with  each  declutter  line. 

2  CRT.  The  system  automatically  decluttered  data  input  from 
DEVTC&.  Symbols  input  by  the  operator  at  the  console  had  to  be  manually 
decluttered.  Declutter  lines  were  attached  to  the  symbols. 

(9)  Evaluation  for  requirement  number  9. 

(a)  Requirement  9.  The  operator  should  be  able  to  cause  a  complete, 
automatic  redeclutter  of  the  display.  The  redeclutter  should  relocate 
symbols  based  upon  the  criteria  of  the  shortest  possible  declutter  lines 
and  no  symbol  overlap.  Each  symbol  should  be  considered  equally. 

Priority  of  entry  should  have  no  effect. 

(b)  Performance. 


Scr 

i  be 

CRT 

Photochromic 

NA 

( LC> 

NA 

NA 

NA 

(AC) 

(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
fhe  experimentation. 

(10)  Evaluation  for  requirement  number  10. 

(a)  Requirement  10.  Co- located  military  unit  headquarters  must  be 
automatical ly  stacked  before  being  decluttered  upon  initial  displav. 


178 


(b) 

Performance. 

5cr i be 

CRT 

Photochromic 

No  (EC) 

No  (AC) 

NA 

NA 

(c) 

Discussion. 

The  scribe  console  al 

lowed  for  stacking  of  co- 

located  military  unit  symbols,  but  the  stacking  war.  not  automatic.  The 
operator  was  required  to  determine  which  symbols  were  co-located  and 
then  to  use  the  stacking  function. 

(II)  Evaluation  for  requirement  number  II. 

(a)  Requirement  II.  Data  items  superimposed  against  a  map  back¬ 
ground  on  the  interactive  graphic  display  console  must  appear  to  be  no 
more  than  100  meters  from  the  specified  map  location.  This  100-meter 
limit  applies  for  any  method  of  data  item  location:  keyboard  coordinate 
entry,  coordinates  transmitted  from  an  outside  AOP  source,  points  trans¬ 
mitted  from  the  map  overlay  input  device,  or  direct  entry  by  pointing  to 
the  location  on  the  console  display.  The  limit  applies  regardless  of 
the  size  of  the  area  of  coverage  being  viewed. 


Cb) 

Performance. 

ber i be 

CRT 

Photochromic 

No  (EC) 

No  (AC) 

No 

No 

(c) 

Discuss  ion. 

1  Scribe.  Since  the  editing  and  analyst  consoles  had  no  map 
background  display  capability,  symbol  placement  accuracy  was  approxi¬ 
mated  by  using  the  computer  generated  tick  marks  as  references.  Accuracy 
of  the  trackball  and  light  pen  on  the  analyst  console  was  found  to  be 
totally  unacceptable  (placement  inaccuracies  ranged  f-'cm  700  meters  to 
11,000  meters),  ard  data  collection  tor  placement  inaccuracies  involving 
these  controls  was  terminated.  The  lack  of  a  map  background  severely 
affected  joystick  placement  accuracy  on  the  editing  console. 

2  CRT.  The  factor  which  had  the  greatest  effect  on  symbol  place¬ 
ment  accuracy  was  registration  of  the  projected  map  imaqe  to  match  the 
electronically  defined  map  area  on  the  console  screen.  Accuracy  was 
also  affected  by  distortion  of  the  map  image  at  the  lower  left  and  lower 
right  corners  since  the  lower  edge  of  the  map  was  not  straight,  but 
curved,  turning  in  a  I  the  corners. 
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3  Photochromic.  The  comments  made  for  the  CRT  system  apply  except 
for  those  on  background  distortion. 

(d)  Data.  Average  symbol  placement  inaccuracies  for  different 
methods  of  data  item  location  are  shown  in  figure  2-5.  Detailed  data  is 
contained  in  part  three,  sections  V,  XVII,  and  XX. 

Method  of  input  Scribe  CRT  Photochromic 


EC 

AC 

DEVTOS 

464 

51 1 

167 

NA 

Overlay  input  device 

Data  man i pu ! at : on 

NA 

NA 

197 

NA 

Keyboard,  add 

470 

434 

159 

337 

Keyboard,  move 

465 

347 

1  75 

322 

Joystick,  add 

834 

NA 

NA 

61 

Joystick,  move 

949 

NA 

NA 

67 

Trackball,  add 

NA 

No 

data 

102 

NA 

Trackball,  move 

NA 

No 

data 

85 

NA 

Light  pen,  add 

NA 

No 

data 

106 

NA 

Light  pen,  move 

NA 

No 

data 

78 

NA 

Figure  2-5.  Console  symbol  average  placement  inaccuracy  (meters). 


(12)  Evaluation  for  requirement  number  12. 

(a)  Requirement  12.  Exact  entry  coordinates  of  data  item  locations 
entered  by  keyboard  or  by  coordinates  from  an  outside  ADP  source  must  be 
displayed  upon  request. 

(b)  Performance. 


8c  r i be 

CRT 

Photochromic 

NA  £  CC) 

Met 

No 

NA  (AC) 

Cc)  Discussion. 

!  bcribe.  Although  the  system  did  not  have  thN  capability,  the 
capability  could  have  e-rily  been  incorporated. 

2  CRT.  The  system  displayed  the  coordinates  of  thp  symbol  upon 
r  equest . 

3  Photochromic.  The  system  displayed  the  co-'-rd  i  nates  of  the 

•  ymboT,  put  the  coordinates  were  not  exact  ar  the  operator  had  to  man- 
. i ; I ! y  posi  +  ion  a  cursor  at  the  point  where  the  symbol  was  located.  The 
ay  tom  then  displayed  the  cursor  location  coord i na res . 
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(13)  Evaluation  for  requirement  number  13. 


(a)  Requirement  13.  For  da  fa  items  entered  by  point inq,  as  well 
as  locations  entered  via  the  map  overlay  input  device,  the  coordinate 
provided  in  reply  to  a  query  must  be  no  more  than  100  meters  from  the 
data  item’s  apparent  map  location. 


(b)  Performance. 


5  c  i 

r  ibe 

CRT 

Photochromic 

HA 

(EC) 

HA 

NA 

HA 

(AC) 

(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
the  experimentation;  thus,  no  placement  accuracy  data  was  collected. 
However,  the  CRT  and  photochromic  consoles  were  both  able  to  provide  the 
coordinates  of  a  displayed  symbol  by  using  the  capability  discussed  in 
requirement  12. 

( l 4 )  Evaluation  for  requirement  number  14. 

(a)  Requirement  14.  Data  items  located  with  single  p<anfs  must  be 
completely  displayed  if  the  point  is  inside  the  selected  area  of  coverage. 
This  may  require  the  automatic  dec  I  uttering  of  the  data  item  to  ensure 
that  the  entire  item  appears  in  the  area  of  coverage  such  as  when  a 
military  unit  is  at  the  ten  edge  of  the  background.  It  any  part  of  a 
multiple-point  data  item  is  in  the  selected  area  of  coverage,  that  part 
within  the.  area  of  coverage  must  be  displayed.  The  part  to  be  displayed 
muST  include  all  points  of  the  data  item  up  to  and  including  those  at 
the  intersection  of  the  item  with  an  edge  o1  the  map  background. 

fb)  Performance. 


5c r i be 

CRT 

Rhotoc  hr  on,  i'' 

No  (EC) 

Ho 

HA 

No  (AC) 

(c) 

Di  scu 

ss ion. 

1  S 

cr i be. 

Th^  c 

uiisoles  ■!  i 

splayed  oniy 

rhe  p or 

t ions  of 

-  i  nq  !  o 

locat ion 

point 

^ /mb  p. 

1  bat  wore 

within  t  he 

SC  1  erfot! 

map  tre 

q  of  c.'~\ nqn 

Mu  1 1 i p 1 o- 

point 

■  ymbe  I  s 

1  OJC'l  is 

lines)  which 

r  had  one 

or  more 

1 orat i nq 

points  nu 

1  side 

I  ho  are 

a  of  cover 

age  were  r,r  i 

d  i  sp 1  ay 

•  d . 

2  CRT.  the  »»|e  displayed  a  syrmx  i  only  if  j!  I  portions  of  the 
symbol"  were  within  Mie  selected  map  area  of  coverage.  Multiple-point 
symbols  fsyrt»  as  lines)  which  had  one1  or  more  locating  point®  outside 
I  he  area  of  coverage  wore  not  displayed. 
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(15)  Evaluation  for  requirement  number  15. 


(a)  Requirement  15.  Incoming  messages  (from  an  outside  ADP 
source)  which  contain  branch  duty  symbols  not  in  the  system's  permanent 
branch  symbol  library,  must  display  at  least  the  first  four  alphanumeric 
characiers  of  the  branch  duty  designation  (from  the  incoming  messages) 
inside  the  rectangle  where  the  branch  duty  symbol  normally  appears. 

(b)  Performance. 


Scr i be 

CRT 

Photochromic 

NA  (EC) 

Met 

NA 

NA  (AC) 

(c)  Discussion. 

I  Scribe.  The  system's  symbol  I ibrary  contained  all  of  the  symbols 
necessary  for  messages  transmitted  from  DEVTOS.  The  capability  needed 
to  fulfill  the  requirement  could  have  been  incorporated  easily. 

2_  CRT.  The  system  displayed  the  first  four  characters  of  the 
branch  duty  designation  inside  the  rectangle. 

5  Photochromic.  The  system  was  not  designed  +o  receive  data  from 
DEVTOS. 

(16)  Evaluation  for  requirement  number  16. 

(a)  Requirement  16.  An  interactive  graphic  display  console  must 
he  capable  of  displaying  map  backgrounds  for  the  three  uses  described 
be  I ow : 


j  Comprehension  of  the  overall  situation.  For  this  purpose  the 
user  Ts  not  interested  in  beim  able  to  read  all  detail  on  the  standard 
military  topographic  map,  but  he  uses  the  map  to  provide  general  orien¬ 
tation  for  the  superimposed  symbology. 

?  '■tore  detailed  inspection  of  the  terrain  at  or  in  the  vicinity  of 
a  superimposed  symbol  or  symbols.  In  this  case  the  user  is  interested 

in  a  more  exact  relationship  of  the  symbols  to  the  terrain. 

'  Terrain  analysis  without  superimposed  symbology.  For  example, 
when  "electing  the  best  terrain  upon  which  to  establish  a  Jefense  or 
when  planning  a  route  of  movement,  the  user  wants  to  vi^w  the  map  back¬ 
ground  with  no  superimposed  dynamic  symbology. 
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(b)  Performance. 


Scribe 

CRT 

Phot<  bromic 

NA  (EC) 

No 

No 

NA  (AC) 

(c)  Discussion. 

:  c''ribe.  The  inability  of  the  consoles  to  display  backgrounds 
with  whic.i  the  user  can  orient  the  symbology  to  the  terrain  was  a  serious 
shortcoming. 

2  CRT.  The  console  did  not  demonstrate  the  ability  to  legibly 
display  map  backgrounds  to  meet  the  uses  described  in  (a)2  and  (a).3 
above. 

3  Photochromic.  The  console  did  not  demonstrate  the  ability  to 
legibTy  display  map  backgrounds  to  meet  the  uses  described  in  (a)2  and 

(a) 3  above. 

(17)  Evaluation  for  requirement  number  17. 

(a)  Requirement  17.  Map  backgrounds  based  on  the  UTM  grid  system 
will  normally  be  displayed  on  the  console.  However,  the  console  should 
be  able  to  accomodate  other  military  grid  systems.  The  UTM  grid  system 
requires  that  the  console  be  able  to  display  areas  of  coverage  which 
include  the  junction  of  two  or  more  map  sheets  and  the  junction  of  two 
or  more  100,000-meter  grid  zones. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

NA  (EC) 

Met 

Met 

NA  (AC) 

(c)  Discussion.  Map  backgrounds  displayed  on  the  CRT  and  photo- 
chromic  systems  used  the  UTM  grid  system.  The  maps  displayed  included 
the  junction  of  map  sheets  and  the  junction  of  100,000-meter  grid 
zones . 

(18)  Evaluation  for  requirement  number  18. 

(a)  Requirement  18.  The  console  must  be  able  to  display  an  area 
of  coverage  large  enough  to  permit  super  imposing  dynamic  symbology  for 
most  user  tactical  situations  displays.  User  data  indicates  that  an 
area  at  least  50  kilometers  by  50  kilometers  is  required  tor  an  overall 
situation  display  of  an  armored  or  mechanized  division.  The  console 
screen  must  be  desiqned  to  provide  this  area  of  coverage. 
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(b)  Performance. 


\  / 


Scribe 

CRT 

Photochromic 

NA  (EC) 

No 

No 

NA  (AC) 

(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
the  experimentation.  A  40-kilometer  by  40-kilometer  area  of  coverage 
was  agreed  upon  at  the  map  conference. 

I  CRT.  Technical  limitations  of  the  photographic  equipment  at  the 
Defenle  Mapping  Agency  limited  the  size  of  the  map  slides  to  a 
32-ki|ometer  by  32-kilometer  area  of  coverage. 

2_  Photochromir.  The  map  si  ides  provided  with  the  photochromic 
system  had  a  27-kilometer  by  36-kilometer  area  of  coverage  which  was 
spec i f i ed  by  USAMC-ECOM. 

(19)  Evaluation  for  requirement  number  19. 

(a)  Requirement  19.  It  is  assumed  that  the  screen  is  within  arm’s 
reach  of  the  operator.  The  operator  must  view  the  entire  screen  imaqe 
area  from  this  distance  without  undue  eye  and  head  movement. 

(b)  °erformance. 


Scribe 

CRT 

Photochromic 

NA  (EC) 

Met 

Met 

NA  (AC) 

(c)  Discussion. 

£  CRT.  I  he  console  on  the  CRT  system  marginally  met  this  require¬ 
ment.  The  screen’s  height  required  a  seated  operator  to  look  slightly 
upward  to  view  the  entire  screen  image.  The  screen's  height  also  caused 
the  operator  to  reach  up  higher  than  he  normally  would  in  pointing  to 
items  on  the  display. 

2  Photochromic.  The  console  marqinaily  met  this  requirement.  The 
console  screen  and  keyboard  were  separate  pieces  of  equipment.  The 
screen  was  located  on  the  operator’s  left  when  he  was  seated  at  the 
Keyboard.  This  caused  the  ooeratcr  fo  turn  his  head  frequently  to  view 
the  screen. 

(20)  Evaluation  for  requirement  number  20. 
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(a)  Requirement  20.  When  the  user  changes  the  area  of  coverage 
displayed  on  the  screen,  user  specified  dynamic  symbology  In  the  new 
area  of  coverage  must  be  automatically  displayed  on  the  new  area  at  the 
appropriate  map  locations.  This  requirement  applie#  if  the  new  area  is 
a  magnification  of  a  small  portion  of  theiold  area,  if  it  includes  all 
or  a  portion  of  the  old  area,  or  i-F  it  does  not  Include  any  portion  of 


the  old  i 

area. 

(b) 

Performance. 

Scr I  be 

CRT 

Photochromy 

Met  (EC) 
Met  (AC) 

(c) 

Discussion. 

Met 

No 

1  Scribe.  The  system  met  The  intent  of  the  requirement,  as  chang¬ 
ing  tFe  area  of  coverage  defined  on  the  console  screens  caused  the  auto¬ 
matic  display  of  data  items  located  in  the  ^ew  area.  The  display  was 
not  always  complete.  (See  requirement  I4.J 

2  CRT.  Display  of  a  different  map  background  caused  the  automatic 
display  of  data  items  located  In  the  area  defined  by  the  new  background. 
The  display  was  not  always  complete.  fSee  requirement  I4-. ) 

.3  Phovochromic.  Changing  the  displayed  area  of  coverage  required 
the  re-creation,  one  data  item  at  a  time,  of  the  tactical  situation  for 
the  new  area. 

(21)  Evaluation  for  requirement  number  21. 

(a)  Requirement  21.  Map  backgrounds  displayed  on  the  console 
screen  must  be  fully  legible  under  the  ambient  light  specified  in  reaui re- 
ment  3  above  for  dynamic  symbology  legibility.  Full  legibility  is 
defined  as  the  ability  of  fhe  operator  to  easily  idsntify  each  and  every 
item  of  map  data  displayed. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

NA  (EC) 

No 

No 

NA  (AC) 

(c)  Discussion. 


&  The  level  4,  level  5,  and  level  6  maps  provided  legible  map  da+a 
wh'teb  allowed  comprehension  of  the  overall  situation.  The  amount  of 
data  on  t-he  level  3  map  was  excessive.  The  map  was  overly  cluttered  and 
was  jsnacceptable.  The  legibility  of  the  fine  map  detail  on  the  standard 
ml litsry  Topographic  map  was  unacceptable  for  detailed  terrain  analysis. 

When  The  standard  wiliTary  map  was  displayed,  intermediate  contour  lines 
and  smell  artphatnuserics  on  the  map  were  not  legible  and  grid  line  numbers 
were  barely  I  eg..!  She.  In  addition,  the  brightness  of  the  map  projection 
caused  low  contrast"  wfTh  the  dynamic  symbology  and  fended  to  wash  it 
out,  SJtesdard  Topographic  military  map,  the  orthop ictomap,  the 
joint  plasssimg  map ,  and  the  level  3  map  were  not  used  during  the  CPX; 
player  preference  was  for  The  level  4,  level  5,  or  level  6  map  backgrounds. 

b  The  legibility  of  the  standard  military  topographic  map,  the 
level~4-  map,  the  level  6  mapr  and  the  orthop i ctomap  was  tested  in  work 
segment  7.  (See  part  three,  section  VI i.)  All  map  detail  on  the  level 
4  and  the  level  -6  maps  was  highlighted  and  was  fully  legible  under  the 
required  li-ghting  conditions.  The  smallest  afphanumerics  on  the  standard 
topograph ic  miiil  itary  map  and  the  orthop i ctomap  were  not  legible,  iney 
were  not  I agible  even  when  the  operator  was  at  the  face  of  the  screen 
and  the  ambient  light  was  set  for  maximum  viewability  of  the  map  background. 

Photochromic .  The  standard  military  topographic  backgrounds 
displayed  on  the  console  were  not  fatly  legible  and  could  not  be  used 
for  detailed  terrain  analysis.  Although  no  maps  were  available  which 
were  designed  specifically  for  ccxsprsmens ion  of  tho  overall  situation, 
the  displayed  standard  military  topographic  map  backgrounds  could  be 
used  for  this  purpose. 

(22)  Evaluation  for  requirement  number  22. 

(a)  Requirement  22.  The  console  operator  should  be  able  to  vary 
the  brightness  of  each  color  representing  a  map  feature  (e.g.,  roads, 
vegetation,  rivers).  He  must,  as  a  minimum,  be  able  to  vary  the  overall 
brightness  of  the  map  background. 

(b)  Performance. 

Scribe  CRT  Photochromic 

Nfi  (EC)  No  Met 

NA  (AC) 

(c)  Discussion. 

i  CRT.  Ihe  console  did  not  have  a  control  for  varying  the  bright¬ 
ness  of  the  displayed  map  background. 


2  Photochromic.  The  console  met  the  minimum  requirement.  A 
control  was  available  to  vary  the  brightness  of  the  entire  map  backgrouno 

(23)  Evaluation  for  requirement  number  23. 

(a)  Requirement  23.  Ideally,  the  user  should  be  able  to  obtain 
the  desired  area  of  background  coverage  by  providing  the  system  with  the 
coordinates  of  any  two  diagonal  corner  points. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

NA 

(EC) 

NA 

NA 

NA 

(AC) 

(c)  Discussion.  This  requirement,  which  is  the  ideal  solution  for 
providing  the  desired  area  coverage,  was  identified  as  a  result  of  the 
experimentation. 

(24)  Evaluation  for  requirement  number  24. 

(a)  Requirement  24.  The  operator  must  have  the  option  of  numbering 
or  otherwise  identifying  a  map  background  area  which  he  defines  by  two 
diagonal  corner  points. 

(b)  Performance. 

Scribe  CRT  Photochromic 

NA  (EC)  *•  NA  NA 

NA  (AC) 

(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
the  experimentation. 

(25)  Evaluation  for  requirement  number  25. 

(a)  Requirement  25.  Ideally,,  the  user  should  be  able  to  tailor 
the  level  of  map  detail  to  the  situation  by  being  able  to  display  specif i 
map  features  (grid  lines,  roads,  contours,  rivers,  efc.)  individually, 
or  in  comb inal ion,  for  the  defined  area  of  coverage.  For  each  specific 
map  feature,  the  user  should  be  able  1o  select  more  or  less  detail 
(e.g.,  grid  lines  I ,  5,  or  10  ki lometers  apart;  primary  roads  only,  or 
primary  and  secondary  roads;  or  contour  intervals  of  100,  200,  or 
500  meters) . 


(b)  Performance. 


Scribe 

CRT 

Photochromic 

NA  (EC) 

NA 

NA 

NA  (AC) 

(c)  Discussion.  This  requirement  expresses  the  ideal  solution  for 
providing  the  desired  level  of  map  detail. 

1  CRT.  Discrete  maps  that  displayed  varying  levels  of  detail  were 
available,  but  this  solution  was  not  ideal  since  the  user  was  limited  to 
the  predetermined  levels  of  map  detail. 

2  Photochromic.  The  only  map  background  available  was  the  standard 
military  topographic  map  with  :  'll  detail.  Not  all  of  the  detail  on 
this  map  was  legible  on  the  console. 

(26)  Evaluation  for  requirement  number  26. 

(a)  Requirement  26.  The  available  backgrounds  must  be  on-line  and 
retrievable  within  15  seconds.  The  capability  to  retrieve  and  display 

a  background  within  5  seconds  is  highly  desirable.  Additionally,  the 
user  must  be  able  to  add  to  or  delete  from  the  number  of  available 
backgrounds. 

(b)  Performance. 


Scribe 

CRT 

Pho+ochromic 

NA  (EC) 

Met 

Met 

NA  (AC) 

(c)  Discussion.  The  CRT  and  photochromic  consoles  were  rear- 
oorted  and  used  Kodak  Sctagraphic  projectors.  Each  projector  had 
80  computer-addressable  slide  positions  with  an  average  access  time  of 
5  seconds. 

(27)  Evaluation  for  requirement  number  27. 

(a)  Requirement  27.  Registration  of  a  new  background  (i.e., 
defining  for  the  system  the  limits  of  the  area)  must  require  the  ©Der¬ 
ate-  to  only  point  at  and  input  the  UTM  coordinates  of  any  two  grid 
intersections  diagonally  located  in  relation  to  each  other.  The  back¬ 
ground  must  not  have  to  be  exactly  horizontal,  vertical,  or  centered. 
Once  registered,  the  background  must  be  available  for  display  without 
reregistration  each  time  it  is  retrieved. 
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(b)  Performance. 


Scr i be 

CRT 

Photochromic 

NA  (EC) 

No 

No 

NA  (AC) 

(c)  Discussion.  The  designers  of  the  CRT  and  the  photochromic 
systems  assumed  that  the  map  background  slides  (film  chips)  would  be 
exactly  the  same  size  and  that  they  would  be  positioned  in  the  slide 
holder  exactly  the  same  way.  They  further  assumed  that  the  slides  would 
be  exactly  horizontal  and  vertical  in  the  holder.  These  assumptions, 
while  good  for  the  convenience  of  the  system  software  designer,  imposed 
an  unrealistic  requirement  which  could  not  be  met  by  the  Defense  Mapping 
Agency.  The  slides  prepared  by  DMA  were  not  positioned  identically  in 
the  slide  holders.  Therefore,  display  of  a  new  map  background  required 
realignment  of  the  electronic  image  to  match  the  map  background  each 
time  a  different  map  was  displayed.  This  was  an  unnecessary  burden  on 
the  user  and  defeated  the  purpose  of  having  rapidly  accessible  backgrounds. 


CRT. 


a  The  system  did  not  allow  fo;  user  registration  of  map  backgrounds . 
The  s7stem  programer  could  register  a  new  map  area  by  means  of  a  software 
patch,  but  the  normal  means  was  tc  input  the  map  registration  data  to  a 
computer  at  the  General  Dynamics  Laboratory  in  San  Diego,  California. 

The  computer  computed  the  ragistration  data  which  was  then  input  to  the 
display  sysTem. 

b  All  maps  displayed  by  the  system  were  port  of  a  "big  window." 

The  bTg  window  was  a  square  area  which  encompassed  all  of  the  maps  dis¬ 
played  by  the  system.  ‘f  a  map  to  be  registered  was  not  within  the  biq 
window,  the  area  of  the  big  window  required  enlargement. 

c  Each  map  in  the  big  window  was  identified  by  a  number.  The 
lower- left  corners  of  the  maps  in  the  big  window  were  identified  by 
Their  X  and  Y  offset  from  the  lower  left  corner  of  the  Dig  window.  All 
UTM  coordinates  were  converted  to  big  window  coordinates.  Conversion 
was  based  on  the  X-Y  offset,  the  scale  of  the  map,  and  the  area  of 
coverage  of  The  nap.  The  area  of  coverage  was  assumed  to  be  square. 

d  A  map,  once  registered,  did  not  need  to  be  rc-reg i stered  when 
retrieved.  However,  the  map  images,  when  retrieved,  had  to  be  exactly 
horizontal,  vertical,  centered,  and  to  scale.  This  was  an  unrealistic 
reo" I remont . 


?S9 


■5^ 


2  Photochromic. 

The  syst —  assumed  that  the  map  chip  was  positioned  in  the  slide 
a  specific  way.  The  registration  of  a  displayed  map  area  required  the 
operator  to  enter  data  which  matched  the  map  fmage  area  on  the  console 
screen  with  the  displayed  map  image.  The  operator  typed  In  the  coor¬ 
dinates  of  the  lower  left  corner  of  the  map  area  (with  a  correction 
factor  in  X  and  Y  tc  account  for  the  fact  that  the  corner  was  not  exactly 
at  a  grid  line  Intersection).  The  coordinates  included  the  area  of  the 
world  (e.g.,  I4R),  the  1 00, 000-meter  grid  zone  designator  (e.g.,  PL), 
and  eight  digits.  The  operator  then  typed  the  map  scale  and  the  four 
adjacent  100,000-meter  grid  zone  designators.  These  grid  zone  desig¬ 
nators  were  the  designator  previously  entered  as  a  part  of  the  lower 
left  coordinate  and  the  grid  zone  designators  to  the  north,  east,  and 
northeast. 

b^  When  map  background  areas  were  changed,  the  new  map  area 
re-registering  even  though  it  may  have  been  previously  retrieved 
registered. 

(28)  Evaluation  for  requirement  number  28. 

(a)  Requirement  28.  Backgrounds  to  be  used  for  display  of 
oveAaJU.  division  situation  must  have  an  area  of  coverage  no  less 
50  kilometers  by  50  kilometers. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

NA  (EC) 

No 

No 

NA  (AC) 

(c)  Discussion. 

The  comments  made  for  requirement 

18  apply. 

(29)  Evaluation  for  requirement  number  29. 


(a)  Requirement  29.  The  map  data  on  maps  used  for  comprehension 

of  the  oveAxitl  situation  (requirement  16)  must  be  enhanced  or  highlighted. 
Letters  and  numbers  may  have  to  be  larger  than  those  found  on  the  standard 
military  topographic  map. 

(b)  Performance. 


requ i red 
and 


the 

than 


Scribe 

CRT 

Photochromic 

NA  (EC) 

Met 

No 

NA  (AC) 

I 

s 


f 

-? 


s 
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(c)  Discussion. 


i  CRT.  Data  on  the  level  4,  level  5,  and  i>vel  6  maps  was  high¬ 
lighted.  Letters  and  numbers  were  larger  than  these  found  on  current 
paper  maps.  These  maps  could  be  used  for  compreh*  ^-ton  of  the  overall 
situation  and  were  fully  legible. 


2  Photochromic.  The  only  map  backgrounds  provided  with  the  system 
were  standard  military  topographic  maps.  Not  ail  map  detail  was  fully 
legible  on  the  console  display  of  these  maps. 

(30)  Evaluation  for  requirement  number  30. 

(a)  Requirement  30.  Backgrounds  with  selected  combinations  of  map 
deta i I  are  requ i ted . 


(b>  Performance. 

Scribe 

NA  (EC) 

NA  (AC) 


CRT 


Met 


Photochromic 


No 


(c)  Discussion.  The  CRT  console  was  the  only  console  which  had 
map  backgrounds  that  showed  varying  levels  of  detail.  The  requirement 
for  varying  levels  of  de+ail  was  identified  as  a  result  of  the  experi¬ 
mentation.  However,  the  selected  combinations  of  map  data  which  should 
be  made  available  require  more  study.  Ti-e  level  3  nk*p  was  too  cl-jfterec 
to  be  of  use.  The  standard  military  topographic  map  was  not  legible 
enough  when  displayed.  Some  users  were  satisfied  with  the  level  of 
detail  on  the  level  6  map  when  it  was  used  to  view  the  overall  tactical 
situation.  Others  desired  more  detail  but  not  as  much  as  that  found  on 
the  level  5  map. 

(3!)  Evaluation  for  requirement  number  31. 

(a)  Requirement  31.  Background  coverage  overlap  must  be  provided. 

(b)  Performance. 


Scr i be 

NA  (EC) 
NA  (AC) 


CRT 

Met 


Photochromic 


Met 


(c)  Discussion. 

I  CRT.  The  50  percent  overlap  that  was  provided  appeared  to  be 
satisTactory  to  the  players  during  the  CPX.  However,  this  amount  of 
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overlap  may  not  be  the  most  efficient.  A  study  is  required  to  determine 
the  best  means  of  providing  continuity  of  background  coverage  when  dis¬ 
crete  map  background  areas  are  used. 


2  Photochromic.  The  maps  provided  by  this  system  had  a  33  percent 
overlap.  Since  a  CPX  was  not  run  with  this  system  and  since  the  system 
could  not  automatically  display  the  appropriate  dynamic  symbology  for 
the  new  area  when  map  areas  were  changed,  the  utility  of  the  overlap  was 
not  tested. 

(32)  Evaluation  for  requirement  number  32. 

(a)  Requirement  32.  Backgrounds  which  magnify  smaller  portions  of 
the  5Q~ki iometer  by  50-kilometer  backgrounds  must  be  provided.  A  suffi¬ 
cient  number  (four  to  nine  may  be  sufficient  depending  upon  the  size  of 
the  screen  and  the  map  area  of  coverage)  of  blowups  should  be  available 
so  that  the  composite  area  of  each  50-kilometer  by  50-kilometer  back¬ 
ground  can  be  shown  in  magnified  form.  The  blowups  need  not  overiap  but 
must  contain  no  less  detail  than  that  found  on  the  1:50,000  scale  topo¬ 
graphic  map.  When  the  blowups  are  displayed,  they  must  be  fully  legible. 

(b)  Performance. 

Scribe 


NA  (EC) 

NA  (AC) 

(c)  Discussion.  Backgrounds  were  not  provided  for  this  purpose. 
The  map  conference  focused  on  map  requirements  for  the  display  of  the 
overall  tactical  situation.  However,  both  the  scribe  and  CRT  systems 
coulw  scale  the  display  of  the  dynamic  symbology  to  match  any  map  back¬ 
ground  magnification  factor. 

(33)  Evaluation  for  requirement  number  33. 

(a)  Requirement  33,  The  console  operator  must  be  able  io  add, 
delete,  correct,  move,  and  declutter  (ofrset)  any  tactical  situation 
display  data  item,  instantaneous  visual  feedback  of  the  operator's 
actions  is  required  for  ali  manipulations. 


(b)  Performance. 

Scr i be 

CRT 

Photochromic 

No  (EC) 

Met 

No 

No  (AC) 

CRT 

NA 


Photochromic 


NA 


*  fc 


(c)  Discussion. 


J_  Scribe.  The  console  opera .or  had  procedures  for  adding,  deleting, 
moving,  and  decluttcring  displayed  symbols.  When  a  symbol  was  dec  I  ut¬ 
tered,  the  declutter  line  was  not  attached  to  the  symbol.  Correction  of 
a  symbol  required  that  the  symbol  first  be  deleted,  th  ,-n  the  correct 
symbol  be  entered  by  using  the  procedure  for  adding  symbols.  Instan¬ 
taneous  visual  feedback  was  provided  for  all  manipulations  except  delete. 
When  deleting  a  displayed  symbol,  a  regeneration  of  the  display  was 
required  to  verify  that  the  symbol  was,  in  fact,  removed  from  the  display. 

2  CRT.  The  console  operator  had  procedures  for  adding,  deleting, 
correcting,  moving,  and  dec! uttering  displayed  symbols.  Instantaneous 
visual  feedback  was  provided  for  all  manipulations. 

3  Photochromic.  The  console  operator  had  procedures  for  adding, 
de.'etTng,  and  correcfing  symbols.  Movement  and  declutter  of  symbols 
required  that  the  symbol  first  be  deleted,  and  then  inpuf  again  by  usinq 
the  procedure  for  adding  symbols,  instantaneous  visual  feedback  was 
provided  for  all  manipulations. 

(34)  Evaluation  for  requirement  number  34. 

(e)  Requirement  34.  The  console  operator  must  have  some  means  ?cr 
positioning  newly  created  or  moved  data  items.  There  are  two  basic 
methods  for  positioning  a  data  item.  One  method  is  the  use  of  a  map 
background  to  "eyeball"  the  desired  location.  This  position  is  then 
indicated  to  the  system  by  pointing.  The  other  method  is  by  keyboard 
entry  of  the  coordinates.  The  console  must  give  the  operator  the  opf ion 
of  using  either  meihod.  The  first  method  is  generally  used  when  the 
exact  location  is  not  critical  or  when  the  position  needs  to  be  deter¬ 
mined  Through  map  inspection.  Coordinate  entry  is  used  for  those  items 
wirh  specific  coord inaies.  Coordinate  entry  must  not  require  grid  zone 
designs}- ion  < entry  of  grid  zone  designation  should  be  optional).  Addi¬ 
tional!/,  if  must  allow  a  4-.  6- >  or  8-digit  entry  depending  upc..  oper¬ 
ator  preference.  The  mop  currently  displayed  can  be  used  by  the  system 
to  interpret  the  coord inafes  enrered  by  the  operator. 

(b)  performance. 


Scribe 

CRT 

Photochromic 

Met  (EC) 

Mo  (AC) 

Met 

Met 

fc)  Discussion. 

1  Scr'be. 
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a  Data  items  could  be  positioned  on  the  editing  and  analyst  con- 
soies~by  typing  in  the  UTM  coordinates  on  the  keyboard.  A  coordinate 
entry  consisted  of  a  100,000-meter  grid  zone  designator  and  eight  digits. 
The  editing  console  also  had  a  joystick-controlled  cursor  which  could  be 
used  to  point  to  the  location  of  a  symbol. 

b  The  analyst  console  had  a  light  pen  and  a  trackball  which  con¬ 
trolled  a  cursor  for  pointing.  Although  the  console  had  these  means  for 
positioning  data  items,  the  placement  accuracies  were  unacceptable  when 
the  light  pen  and  the  trackball  were  used.  (See  requirement  li.) 

2  CRT.  The  console  had  three  methods  of  positioning  data  items. 

One  method  was  the  typing  of  the  UTM  coordinates  at  the  keyboard.  A 
coordinate  entry  consisted  of  a  100,000-meter  grid  zone  designator  and 
eight  digits.  The  two  other  methods  available  were  the  use  of  a  light 
pen  and  a  trackball  which  controlled  a  cursor  for  pointing  to  a  location. 

3  Photochromic.  Two  methods  were  available  for  positioning  data 
itemsT  One  method  was  the  typing  of  the  UTM  coordinates  at  the  DCU 
keyboard.  A  coordinate  entry  consisted  of  an  area  of  the  world  desig¬ 
nator  (e.g.,  I4R),  a  100, 000-meter  grid  zone  designator,  and  eight 
digits.  A  second  method  was  the  use  of  a  joystick-controlled  cursor  for 
pointing.  The  joystick  was  located  on  the  DCU. 

(35)  Evaluation  for  requirement  number  35. 

(a)  Requirement  35.  Some  means  for  indicating  which  item  in  the 
display  is  to  be  deleted,  corrected,  moved,  or  dec l uttered  is  required. 
The  preferred  method  is  to  point  at  the  item.  Ideally,  the  operator 
should  be  able  to  indicate  which  item  is  to  be  manipulated  by  touching 
it  with  his  finger,  provided  the  technology,  cost,  and  complexity  of 
implementation  support  this  method.  Other  less  desirable  (but  state-of- 
the-art)  methods  for  pointing  are  light  pens  and  trackball-  or  joystick- 
controlled  cursors. 

(b)  Performance. 

Scribe  CRT  Photochromic 


Met  (EC)  Met  Met 

No  (AC) 

(c)  Discussion. 

1  Scribe.  The  same  means  available  for  positioning  items  (require' 
ment  J4)  were  available  for  indicating  the  symbol  to  be  manipulated. 

2  CRT.  The  light  pen  was  used  to  point  to  the  symbol  which  was  to 
be  moved,  corrected,  dec  I  uttered,  or  deleted. 
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(a)  Requirement  36.  The  system  must  lead  the  operator  through 
each  Key  step  of  the  operating  procedure.  For  example,  if  function 
pushbuttons  are  used,  the  sysrem.  could  be  programed  to  light  appropriate 
pushbuttons  to  show  the  opera+or  his  choice  of  alternatives  at  each  slop 
in  the  procedure,  in  this  case.  +he  pushbuttons  should  bo  in  a  color 
selected  to  identify  them  as  available  alternatives  and  to  different  Hie 
them  from  pushbuttons  which  are  merely  activated. 

(b)  Performance. 


Scribe 

CRT 

Fhotochromic 

No 

(EC) 

Nc 

Nc 

No 

(AC) 

(c)  Discussion. 

I  Scribe.  The  system  had  no  means  for  leading  the  coorator  through 
the  operating  procedures.  The  operating  procedures  r»nuired  the  operator 
to  enter  typed  alphanumeric  commands.  The  alphanumeric  coivmands  con¬ 
tained  specific  fieids  to  describe  the  desired  result.  The  major  dis¬ 
advantage  of  these  procedures  was  the  difficulty  in  learning  the  legal 
alphanumeric  codes  applicable  to  the  fields  in  each  command.  Once  the 
alphanumeric  codes  were  i earned,  However ,  the  use  of  the  cofW’.qnJs  was 
straightforward  and  relatively  rapid.  Another  disadvantage  war-  the  lack 
of  an  instantaneous  visual  feedback  when  a  symbol  was  deleted . 
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2  CRT.  The  CRT  console  operator  used  a  light  pen  end  a  function 
menu  Tdi splayed  on  the  right  side  of  ihe  console  screen  when  the  MODiTv 
function  pushbutton  was  depressed)  to  perform  most  of  the  console  oper¬ 
ating  procedures.  The  procedures  required  a  sequence  of  picks  with  the 
light  pen  from  tse  function  menu.  The  operator  needed  to  know  the 
sequence  of  picks  and  the  legal  picks  for  each  step  of  a  procedure. 

There  were  two  disadvantages.  First,  the  operator  was  not  led  through 
the  sequence  of  picks.  This  made  the  learning  of  the  procedure  difficult 
and  error  filled  for  an  unfamiliar  operator.  It  would  have  been  helpful 
if  for  each  step  in  a  procedure  sequence  a  blinking  marker  had  indicated 
which  items  in  the  menu  the  operator  could  pick  next.  An  even  more 
user-oriented  alternative  would  have  been  individual  menus  which  dis¬ 
played  only  the  cnoices  for  each  successive  step  in  an  operational 
sequence.  The  other  disadvantage  was  that  many  of  the  procedures 
required  numerous  steps.  However,  once  the  operator  was  thoroughly 
familiar  with  the  procedures,  they  were  not  difficult  to  use.  The 
i nstanfancouu  visual  feedback  for  all  manipulations  was  a  very  desirable 
feature. 
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3  Photochromic,  The  photochromic  system  required  function  push¬ 
buttons  to  be  pressed  in  a  specified  sequence  for  each  procedure. 

Although  the  ~ystem  did  not  meet  tho  requirement,  the  procedure  for 
creating  military  unit  symbols  led  the  operator  through  the  function 
pushbutton  sequence  by  positioning  the  cursor  at  the  part  of  the  symbol 
(e.g.,  the  echelon)  the  operator  needed  to  create  next.  The  major 
advantages  oi  fhe  procedures  were  fhe  ease  with  which  they  were  learned, 
the  straightforward  use  of  the  pushbuttons,  and  the  instantaneous  visual 
feedback  for  the  manipulations.  The  grouping  of  the  function  pushbuttons 
(e.g.,  all  echelon  pushbuttons  together)  aided  the  operator  in  locating 
the  appropriate  pushbutton. 

4  General.  The  same  console  operator.  an  Army  specialist  fourth 
class,  was  used  for  ail  three  systems.  His  preference  was  for  the 
photochromic  system  procedures  because  of  their  ease  of  use.  A  descrip¬ 
tion  of  the  step-by-step  operating  procedures  for  the  three  systems  is 
contained  in  part  ti.-ee,  section  XX. 

(37)  Evaluation  for  requirement  number  37. 

(a)  Requirement  37.  Data  item  creation  should  require  a  procedure 
similar  to  that  listed  below: 

1  Press  the  CREATE  data  item  pushbutton. 

2  Select  the  categories  the  data  item  will  be  a  member  of  by 
pressing  the  appropriate  category  pushbuttons.  (See  requirement  47 
below.) 

3  Press  one  of  three  data  type  pushbuttons:  A/N,  MILITARY  SYMBOL, 
or  GRAPHIC. 

_4  Press  the  desired  color  pushbutton  (e.g.,  RED  for  red). 

5  Point  to  the  desired  location  on  the  screen  or  type  in  the 
coordinate  location.  (There  should  be  visual  feedback  whenever  a  coor¬ 
dinate  is  being  typed.) 

6  Create  the  desirel  5 torn  by  using  the  procedure  discussed  in  the 
following  subparagraphs  fer  that  data  type. 

a  Alphanumerics. 

(O  Alphanumerics  are  most  effectively  created  with  the  ASCII  key- 
board*~“  A  special  key  for  the  coordinate  position  dot  associated  with 
some  alphanumerics  (e.g.,  •  TANK,  •  TRUCK)  must  be  provided,  since  the 
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ASCI!  period  does-  riot  ofanc  :  and  itb  iocsl  ion  is  generally  not  pre¬ 
cise,  A  marker  must  appear  on  the  screen  fo  indicate  to  the  operator 
the  position  of  the  next  character  to  be  added. 

( 2)  Tr.e  ability  to  space  left,  right,  up,  and  down  is  required  to 
allow  fhe  operaior  fo  format  rhe  data  i+em  to  suit  his  needs.  He  must 
also  be  able  to  backspace  in  order  to  make  corrections. 

b  Military  unit  symbols. 

(I)  in  creating  military  unit  symbols,  pushbuttons  should  be  ul  »d 
to  select  a  headquarters,  center  of  mass,  or  trains  symbol.  If  the 
symbol  is  to  depict  a  proposed  or  las1'  force  symbol,  the  appropr!a+e 
pushbuttons  should  be  presses.  Branch  duty  symbol  selection  is  then 
accomplished  by  pressing  a  nuS'.Oufton.  The  f o I  lowing  branch  duty  symbol 
pushbuttons  should  be  provided: 


AIR80RNF 

AIR  DEFENSE  ARTILLERY 

AIRMOBILE 

ANTITANK 

FIELD  ARTILLERY 

TRANSPORTATION 


armor 

AVIATION 

CAVALRY 

CcEMiCAl, 

ENGINEER,  BRIDGE 


ENGINEER 
i  N.FANTRY 
MAINTENANCE 
PHYCHOLOGICAL 
OPERATIONS 
SIGNAL 


(2)  At  least  10  additional  pushbuttons  must  be  provided  for  oper¬ 
ator  created  branch  duty  symbols.  (See  requirement  42  below  for  creation 
procedures.)  Tne  operator  must  hove  the  option  of  superimposing  ai 
least  two  branch  symbols  (e.g.,  armor,  infantry)  in  the  creation  o'  a 
military  unit  symboi  An  easily  identifiable  point  such  as  the  lower 
left  corner  of  the  flag  should  pa  established  as  the  location  of  flag 
symbois  with  no  staffs.  The  sysiem  should  lead  the  operator  through  the 
addition  of  the  left  and  right  i dent i "icat ions  and  the  echelon.  A 
marker  must  advance  automatically  to  ►  ?ch  of  these  locations.  Each 
location  must  ailow  for  the  entry  of  up  to  four  ASCII  characters. 

c  Graphics. 

(I)  The  creation  ot  graphic  items  such  as  boundaries,  frontline 
traces7  trench  lines,  and  freehand  symbols  by  a  series  of  short  line 
segments  must  bo  possible  by  both  pointing  and  coordinate  location.  The 
procedure  should  require  only  fhat  the  operator  specify  the  points  of 
infle„riont  the  end  poini,  ana  the  type  graphic  ie.g.,  solid  line, 
dashed  line,  french  symbol)  being  created,  fhe  following  line-type 
graphic  symbol  pushbuttons  should  be  provide j : 


SOLID  LINE 

TRENCH,  BASIC  Vi'KSOi 
WIRE,  CONCERT  I NA ,  SINGLE 


DASHED  LINE 

TANK  OBSTACLE,  TYPE  UNSPECIFIED 
! INE  OF  CONTACT  (defensive  front 
I ine  trace) 
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At  least  two  additional  pushbuttons  must  be  provided  for  operator  creat¬ 
ed  Une-type  graphic  symbols-  (See  requirement  44  below  for  creation 
procedures.)  The  system  should  automatically  connect  the  points  with 
the  line  type  selected.  In  the  case  where  pointing  is  used  to  specify 
coordinate  location,  it  is  desirable  to  have  a  rubber  band  iine  segment 
effect  which  allows  the  operator  to  see  where  the  line  wili  be  before 
fixing  the  inflection  point. 

(2)  The  creation  of  circles  or  ellipses  should  be  indicated  to  the 
systenTby  pressing  the  CIRCLE  or  ELLIPSE  pushbutton.  The  orerator  then 
indicates  the  radius  or  major  and  minor  axes  by  pointing  to  their  par¬ 
ticular  locations  on  the  screen.  A  continuously  visible  size  variation 
ability  at  this  point  is  deslroule. 

(3)  The  creation  of  individual  graphic  symbols  such  as  mines  and 
controT  points  should  use  pushbuttons  for  the  selection  of  the  desired 
symbol.  The  following  graphic  symbol  pushbuttons  should  be  provided: 

OBSERVATION  POST  AMMUNITION  SUPPLY  POINT,  ALL  TYPES 

COORDINATING  POINT  (combat  service  support  instal  latid  s) 

MINE,  ANTITANK  AID  STATION  (combat  service  support 

MINE,  ANTIPERSONNEL  installation) 

POL  POINT,  GROUND  (combat 
service  support  installation) 

At  least  five  extra  pushbuttons  must  be  provided  for  operator  created 
individual  graphic  symbols.  (See  requirement  43  below  for  creation 
procedures.)  The  coordinate  location  of  the  symbols  will  be  assumed  to 
be  at  their  center, 

7  If  the  operator  desires  to  start  over  at  any  point,  he  should 
only  Have  to  press  the  ABORT  pushbutton.  This  returns  the  console  to 
the  operational  state  it  was  in  before  the  CREATE  pushbutton  was  pressed. 

8  Press  the  COMPLETE  pushbutton.  This  should  lea'-e  the  previously 
selecTed  CREATE,  category,  symbol  type,  and  color  pushbuttons  lit.  The 
operator  can  then  create  several  data  items  of  the  same  type  without 
rese lection.  He  should  also  have  the  option  of  reselecting  categories, 
symbol  type,  or  color  at  any  time  before  the  COMPLETE  pushbutton  ic 
pressed.  The  CREATE  pushbutton  will  remain  activated  until  the  operator 


turns  i f 

of  f . 

(b) 

Pe-formance. 

Scribe 

CRT 

Photochromic 

No  (EC) 
No  (AC) 

No 

No 
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J_  Scribe. 

a  The  procedure  for  creating  a  I phanumer ics  met  the  degree  of  ease 
specified  by  the  requirement.  It  oniy  required  typing  "W,"  the  UTM 
coordinate  location  of  ihe  alphanumeric  ("X"  was  typed  if  the  location 
was  to  be  indicated  by  movement  of  the  cursor  rather  than  UFM  coordinates), 
and  the  alphanumeric.  The  ASCII  period  was  used  as  the  locating  dot  for 
the  alphanumeric.  The  period  was  difficult  to  see. 

Military  unit  symbols  and  graphics  (including  circles  and 
ellipses)  were  created  by  typing  an  alphanumeric  command  which  contained 
up  to  10  separate  fields  that  the  operator  filled  in.  The  legal  entries 
for  the  field  were  difficult  to  learn  and  remember. 

2  CRT. 

a  In  general,  The  procedures  for  daTa  item  creation  required  too 
many  Iteps.  An  example  of  this  was  the  creation  of  a  military  unit 
symbol  which  required  a  minimum  of  seven  picks  with  the  light  pen  from 
the  "modify"  menu  to  create  the  rectangle  and  one  branch  symbol.  The 
operator  then  had  to  use  the  keyboard  +o  enter  the  left  identification, 
the  right  identification,  and  the  echelon.  When  the  symbol  was  complete, 
the  item  was  entered  into  the  system  data  base  by  picking  "fix  item" 
from  the  menu. 

b_  The  alphanumeric  locating  dot  was  the  ASCII  peril  It  was 
difficult  to  see. 

c  Once  the  sequence  of  picks  with  the  light  pen  to  initiate  the 
symboT  and  locate  the  start  of  the  line  was  completed,  the  creation  of 
line-type  graphics  was  easy.  With  the  starting  point  specified,  succeed¬ 
ing  inflection  points  and  the  end  point  of  the  line  were  indicated  by 
the  trackba I i -control  led  cursor.  As  the  cursor  was  moved  to  each 


point,  a  line  was  automatically  displayed  from  the  last  point  to  the 
current  iocation  cf  the  cursor.  This  gave  a  dynamic  "rubber  band" 
effect  and  allowed  the  operator  to  see  the  length  and  angle  of  the 
desired  line  segment  before  he  fixed  the  inflection  or  end  point.  This 
feature  was  very  useful. 


d_  Circles  of  varying  size  were  also  easy  to  create  once  the  symbol 
pick  sequence  was  initiated  and  the  center  of  the  circle  was  specified. 
The  trackba!!  was  used  to  move  the  cursor  inward  or  outward  from  the 
center.  The  movement  inward  or  outward  increased  or  decreased  the 
radius  of  the  circle.  The  size  of  the  displayed  circle  changed  contin¬ 
uously  as  the  cursor  was  moved.  This  feature  was  very  useful.  The 
system  did  not  have  an  ellipse  generator. 
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3_  Photochromic. 

a  The  procedures  used  by  the  photochromic  system  met,  except  for 
certain  line-tvpe  graphics,  the  intent  of  this  requirement.  The  proced¬ 
ures  for  the  creation  of  aiphanumerics,  military  unit  symbols,  individual 
graphic  items,  and  solid  lines  used  a  minimum  of  steps.  They  were  easy 
to  learn  and  their  use  was  straightforward.  The  proce  lures  required 
pressing  pushbuttons  in  a  specified  sequence.  Error  made  by  the  oper¬ 
ator  in  the  creation  of  alphanumeric  and  military  unit  symbols  were 
minimal  because  the  system  led  the  operator  through  the  procedure.  This 
was  accomplished  by  automatic  positioning  of  the  cursor  at  the  part  of 
the  symbol  that  the  operator  needed  to  create  next.  The  functional 
grouping  of  the  pushbt rtons  assisted  the  operator  in  locating  the  approp¬ 
riate  pushbuttons. 

b  The  alphanumeric  locating  dot  vas  a  coordinating  point  symbol . 
This  dot  was  larger  than  the  ASCII  period  and  was  satisfactory  in  desig¬ 
nating  the  location  of  the  alphanumeric. 

c  Line-type  graphics,  with  the  exception  of  solid  lines,  were  very 
difficult  to  create.  The  two  line-type  graphics  which  the  system  was 
capable  of  displaying  were  trenches  and  lines  of  con  fact  (defensive 
frontline  traces).  To  create  these  symbols,  the  operator  had  to  repeat¬ 
edly  input  individual  elements  between  the  start,  inflection,  and  end 
points  of  the  line.  This  was  a  tedious  process  which  should  have  been 
automatically  accomplished  by  the  system  after  the  start,  inflection, 
and  end  points  of  the  line  were  specified. 

d_  The  system  did  not  have  a  circle  or  ellipse  generator. 

e_  The  alphanumeric  character  pushbuttons  on  the  DCU  keyboard  were 
not  positioned  !n  the  exact  standard  typewriter  layout.  This  was  not 
disconcerting  to  an  operator  who  had  no  typing  experience,  but  an  oper¬ 
ator  who  had  extensive  typing  experience  would  require  adjustment  to  the 
layout. 

f_  The  system  included  a  feature  with  which  alphanumeric,  military 
unit,  and  line-type  graphic  symbols  could  be  rotated  in  15°  increments 
up  to  plus  or  minus  90°  from  their  normal  position.  No  firm  requirement 
for  this  feature  was  identified.  The  feature  was  used  in  creating 
trench  lines  and  defensive  frontline  traces,  but  it  would  be  unnecessary 
if  the  procedure  recommended  in  the  requirement  for  the  creation  of 
line-type  graphics  were  employed. 

(38)  Evaluation  for  requirement  number  38. 

(a)  Requirement  38.  The  procedure  for  correcting  data  items  in  a 
display  should  be  similar  to  that  listed  in  the  following  subparagraphs: 
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j_  Press  the  CORRECT  data  item  pushbutton. 

2  Point  out  the  item  to  be  corrected.  (Visual  feedback  as  to 
wh i ch~symbo I  was  selected  should  occur.) 

3  Correct  the  symbol  by  using  the  procedure  discussed  in  the 
following  subparagraphs  for  that  type  item.  If  a  ^.olor  change  is  all 
the  operator  desires,  he  should  only  have  to  press  the  appropriate  color 
pushbutton. 

a  Alphanumerics.  Alphanumeric  correction  must  allow  for  advancing 
or  backspacing  to  any  character  in  the  data  item.  A  marker  must  indic¬ 
ate  which  character  will  be  changed  ;f  an  ASCII  key  is  pressed. 

b  Military  unit  symbols.  The  procedure  for  military  L.iit  symbol 
correction  must  also  use  a  marker  to  indicafe  to  the  operator  which 
portion  of  the  symbol  the  system  is  ready  to  change.  The  marker  under 
operator  control  either  advances  or  backspaces  throuqn  the  parts  which 
make  up  the  data  item  (flag,  branch,  identifications,  echelon).  This 
allows  him  to  change  any  or  all  parts  of  the  item. 

c  Graphics.  Line  segment  graphic  item  correc+ion  is  much  like  the 
correction  of  alphanumerics  and  military  unit  symbols  as  a  marker 
indicates  to  the  operator  which  inflection  point  the  system  is  ready  to 
change.  The  graphic  type  (i.e.,  solid  line,  trenches)  is  also  subject 
to  change.  Correction  of  circle  radiuses  or  ellipse  major  and  minor 
axes  requires  indicating  the  new  radius  or  axis  by  poim'ng  at  i+s 
location  on  the  screen.  Correction  of  individual  graphic  symbols  (i.e., 
mines,  control  points)  should  only  require  pressing  the  pushbutton  for 
the  desired  symbol. 

4  if  the  operator  aesires  to  start  over  again  he  should  only  have 
to  press  an  ABORT  pushbutton. 

5  Press  the  COMPLETE  pushbutton.  The  console  should  return  to  the 
operaTionai  state  which  existed  prior  to  pressing  CORRECT. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

No  (EC) 

Met 

No 

No  (AC) 

(c)  Discussion. 


1  Scribe.  The  operator  could  not  directly  correct  displayed 
data  Items.  Symbol  correction  required  deletion  of  the  symbol  and 
creation  of  the  correct  symbol. 

2  CRT.  Each  displayed  item  was  made  up  of  several  parts  called 
"strings."  Three  picks  with  the  light  pen  were  required  to  initiate  the 
procedure,  identify  the  symbol  to  be  corrected,  and  position  the  cursor 
at  the  first  string.  The  cursor  could  be  moved  forward  or  backward 
through  strings  of  the  symbol.  Correction  of  the  incorrect  string  was 
performed  by  creating  a  new  string  which  automatically  .ep laced  the  old 
string. 

3  Photochromic.  The  procedure  for  correcting  a  military  unit 
symboT  met  the  requirement,  but  the  procedure  for  correcting  an  alpha¬ 
numeric  symbol  and  a  line-type  graphic  symbol  (except  for  a  solid  line) 
did  not.  Correction  of  an  alphanumeric  symbol  required  that  the  entire 
symbol  be  deleted  and  the  correct  symbol  be  created,  line-type  graphics 
(defensive  frontline  traces  and  trenches;  required  deletion  of  each 
individual  element  of  the  line.  The  correct  line  was  then  created  by 
positioning  and  inputting  each  individual  element  of  the  new  line.  This 
was  a  tedious  process  and  placed  an  unnecessary  burden  on  the  operator. 
Military  unit  symbols  were  easily  corrected  as  the  procedure  allowed  the 
operator  to  position  a  cursor  at  the  part  of  the  symbol  that  required 
correction. 

(39)  Evaluation  for  requirement  number  39. 

(a)  Requirement  39.  The  procedure  for  moving  a  data  item  applies 
to  all  data  types  exceot  line  segment  graphics  and  should  be  similar  to 
the  procedure  listed  below: 

\_  Press  the  M'H'E  data  item  pushbutton. 

2_  Point  out  the  item  to  be  moved.  (Visual  feedback  as  to  which 
item  was  selected  should  occur.) 

3  Point  to  the  desired  new  location  on  the  screen  or  type  in  the 
coordinate  location.  (There  should  be  visual  feedback  of  the  coordinate 
being  typed. ) 

4  if  the  operator  desires  to  start  over  at  any  point  he  should 
only  have  to  press  the  ABORT  pushbutton. 

5  Press  +he  COMPLETE  pushbutton.  The  console  should  return  to  the 
operational  state  which  existed  prior  to  pressing  MOVE. 
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<b)  Performance. 


Scribe 

CRT 

Photochromlc 

i 

Met  (EC) 

Met 

No 

Met  (AC) 

| 

(c)  Discusriori. 

? 

i 

l 

1  Scribe.  An  alphanumeric  u<^nmand  was  used  to  move  a  symbol.  The  I 

command  was  relatively  easy  to  learn  and  use.  The  letter  ”MM  was  typed 

to  Indicate  a  move.  Then  the  operator  had  the  option  of  selecting  The 
symbol  eltner  uy  UTM  coordinate  entry  or  by  the  cursor.  The  now  location 
of  the  symbol  could  also  be  specified  by  UTM  coordinate  entry  or  by  the 
cursor.  The  visual  feedback  of  moved  symbols  was  marginally  acceptable. 

A  move  was  indicated  by  a  straight  line  drawn  ?rom  the  symbol’s  old 
location  to  Its  new  location.  However,  when  the  display  was  regener¬ 
ated,  the  line  was  removed;  and  *he  symbol  appeared  at  Its  new  location. 

This  affected  the  operator’s  perspective,  especially  If  several  moves 
were  made  before  the  display  was  regenerated. 

I 

£  CRT.  The  procedure  for  moving  a  symbol  was  easy  to  use.  Two 
plcKS  with  the  light  pen  were  requlreo  to  initiate  the  command  and 
Indicate  the  symbol  to  be  moved.  The  symbol  could  Ue  positioned  at  its 
new  location  by  movement  of  the  cursor  < light  pen  or  trackball  controlled) 
or  by  typing  in  the  'JTM  cocrd  I  rates  of  tne  location.  j 

3  Photochromlc.  The  operotor  could  not  directly  move  a  symbol. 

A  move  could  be  Indfcoted  by  drawing  a  line  from  the  old  to  the  new 
location  or  by  deleting  fhe  symbol  and  erecting  it  at  the  new  location. 

I 

(40)  Evaluation  for  requirement  number  40.  } 

I 

(a)  Requirement  A0.  The  procedure  for  decluttering  (offsetting)  a 
data  item  applies  to  all  data  types  except  graphics  and  should  be  similar 
to  the  procedure  listed  below: 

J  Press  the  DtCLUTTER  data  item  pushbutton. 

2  Point  out  tne  Item  to  be  dec  I  uttered.  (Visual  feedback  as  to 
which  Item  was  selected  should  occur.) 

3  Move  the  I  two  to  the  desired  new  location.  The  Item  must  appear 
to  move  with  the  pointer.  This  helps  the  operator  to  position  It  in  the 
least  cluttered  area  o*  the  screen.  A  line  will  appear  between  the 
Item’s  offset  location  and  Its  true  location. 

4  If  the  operator  decides  not  +o  declutter  the  Item  after  all,  he 
shoulcT  only  have  to  press  the  ABORT  pushbutton. 
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5  Press  the  COMPLETE  pushbutton.  The  DECLITP'ER  pushbutton  should 
remain"  activated  until  the  operator  turns  1+  off. 


(b) 

Performance. 

Scribe 

CRT 

Photochromic 

No  (EC) 

No  (AC) 

Mel 

No 

(c) 

Discussion. 

1  Scribe.-  An  alphanumeric  command  was  used  to  declutter  a  symbol. 
The  command  was  as  easy  to  learn  and  use  as  the  command  for  moving  a 
symbol.  The  letter  !,D”  was  typed  to  indicate  a  dec! utter.  The  options 
available  for  indicating  the  symbol  to  be  decluttered  as  well  as  the 
dec I  uttered  position  were  the  same  as  those  for  the  move  command.  The 
visual  feedback  was  unacceptable.  A  new  symbol  was  drawn  at  the  location 
indicated  by  the  operator.  A  line  was  then  drawn  from  the  symbol’s 
offset  location  to  its  true  location.  However,  the  original  symbol 
remained  displayed  because  of  the  storage  tube  display  technique  used. 
This  required  the  operator  to  regenerate  the  display  to  show  only  the 
decluttered  symbol.  Regeneration  of  a  typical  display  required  approx¬ 
imately  40  seconds.  Another  shortcoming  of  the  declutter  function  was 
that  dec I  utter  lines  were  not  directly  attached  to  military  unit  symbols. 
This  caused  comprehension  of  the  display  to  be  difficult  when  it  con- 
tained  a  number  of  decluTTered  symbols. 

2  CRT.  The  procedure  for  dec  I  uttering  a  symbol  was  easy  to  use. 

Two  picks  with  the  light  pen  were  required  to  initiate  the  command  and 
indicate  the  symbol  to  be  decluttered.  The  symbol  was  positioned  at  its 
offset  location  by  movement  of  the  cursor.  Visual  feedback  was  contin¬ 
uous.  This  allowed  the  operator  to  view  the  symbol  and  its  declutter 
line  at  different  offset  locations  before  selecting  the  final  declutter 
position  of  the  symbol. 

3  Photochromic.  The  operator  could  not  directly  declutter  a 
symboT.  Declutter  of  a  symbol  required  that  the  symbol  first  be  deleted, 
then  re-created  with  an  offset  line  drawn  from  the  declutter  location  to 
the  true  location. 

(41)  Evaluation  for  requirement  number  41. 

(a)  Requirement  41.  The  procedure  for  deleting  a  data  item  applies 
to  ail  data  types  and  should  be  similar  to  that  listed  below: 

I  Press  the  DELETE  data  item  pushbutton. 
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2  Point  out  the  item  or  items  to  be  deleted.  More  than  one  item  j 

can  be  deleted  at  a  time.  As  each  item  is  pointed  to,  it  must  disappear  a 

from  the  display.  f 

■  # 

i 

£  If  toe  operator  decides  not  to  delete  the  items  selected,  he  | 

should  have  the  option  of  pressing  the  ABORT  pushbutton,  thereby  re-  1 

storing  all  the  temporarily  deleted  symbols.  j 

4  Press  the  COMPLETE  pushbutton.  The  console  should  return  to  the  f 

operaTional  state  which  existed  prior  to  pressing  DELETE.  I 

(b)  Performance.  | 


Scribe 

CRT 

Photochromic 

No  (EC) 

Met 

No 

No  (AC) 

(c)  Discussion. 

1  Scribe.  An  alphanumeric  command  was  used  to  delete  a  symbol. 

The  command  was  relatively  easy  to  learn  and  use.  The  letter  "E"  was 
typed  to  Indicate  a  deletion.  Then  the  operator  had  the  option  of 
selecting  the  symbol  either  by  UTM  coordinate  entry  or  by  the  cursor. 

The  visual  feedback  means  was  unacceptable.  The  deleted  symbol  remained 
on  the  display  due  to  the  persistent  phosphor  used  in  the  storage  tube 
display  technique.  Verification  of  a  deletion  required  the  operator  to 
initiate  a  display  regeneration.  The  regeneration  of  a  typical  display 
required  approximately  40  seconds. 

2_  CRT.  The  procedure  for  deleting  a  symbol  was  easy  to  use.  Two 
picks  with  the  I iqht  pen  initiated  the  command  and  deleted  the  symbol 
from  The  display.  Depending  on  the  function  picked  from  the  "modify" 
menu,  the  operator  had  the  option  of  deleting  the  item  from  both  the 
display  and  the  data  base  or  from  the  display  only.  This  option  was 
very  useful  for  temporarily  clearing  the  display  of  unwanted  symbols  so 
that  other  symbols  could  more  easily  be  seen. 

2  Photochromic.  The  procedure  for  deleting  alphanumeric,  military 
unit,  and  Individual  graphic  symbols  met  the  requirement.  Deletion  of  a 
symbol  required  that  the  symbol  to  be  deleted  be  Indicated  (with  the 
joystick  or  by  typing  the  UTM  coordinates)  and  that  the  DELETE  push¬ 
button  be  pressed.  The  procedure  for  deleting  trenches  and  defensive 
frontline  traces  was  unacceptable.  The  operator  was  required  to  delete 
each  individual  element  of  the  line.  This  was  a  tedious  process  and  was 
an  unnecessary  burden  on  the  operator.  The  cursor  Jumped  to  the  lower 
left  corner  each  time  any  symbol  was  deleted.  This  was  not  a  desirable 
feature. 


* 


j 

i 


1 
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(42)  Evaluation  for  requirement  number  42. 

(a)  Requirement  42.  The  console  must  allow  the  user  to  create  at 
I oast  10  branch  duty  symbols.  Each  created  symbol  must  be  associated 
with  a  particular  pushbutton  on  the  console.  The  pushbuttons  are  used 
in  exactly  the  same  manner  as  the  permanent  branch  duty  symbol  pushbuttons 
in  the  creation  and  correction  of  military  unit  symbols.  The  procedure 
for  creating  additional  branch  duty  symbols  is  listed  below: 

1  Press  the  CREATE  SYMBOL  pushbutton.  This  should  cause  an  en~ 
large?  military  unit  flag  (rectangle)  to  appear  on  the  console  screen. 

2  By  using  the  create  graphic  symbol  procedure,  (see  requirement 
37  above)  create  the  desired  branch  symbol  as  a  series  of  short  line 
segments  inside  the  flag. 

3  Press  the  pushbutton  the  branch  symbol  is  to  be  associated  with. 
The  pushbutton  should  allow  the  operator  to  affix  a  copy  of  the  symbol 
to  It.  If  a  symbol  has  been  previously  assigned  to  this  pushbutton, 
this  step  replaces  it  with  the  newly  created  branch  duty  symbol. 


(b) 

Performance. 

Scribe 

CRT 

Photochromic 

Met  (EC) 
Met  (AC) 

Met 

No 

(c) 

Discussion. 

1  Scribe. 

a  The  system  marginally  met  this  requirement.  Each  created  branch 
symboT  was  identified  by  a  number  and  was  made  a  part  of  the  special 
symbol  library.  While  the  procedure  for  creating  the  symbol  was  easy 
and  straightforward,  the  means  of  using  the  created  symbol  did  not  meet 
the  intent  of  the  requirement,  since  it  could  not  be  used  in  exactly  the 
same  way  as  the  branch  symbols  in  the  permanent  symbol  library. 

The  symbol  was  created  and  was  input  to  the  special  symbol 
library  through  the  map  overlay  input  device.  An  enlarged  format  of  the 
military  symbol  rectangle  was  positioned  on  the  map  overlay  input  device, 
and  the  branch  symbol  to  he  created  was  sketched  to  the  appropriate 
dimensions  inside  the  rectangle.  The  map  overlay  input  device  was  then 
used  to  input  the  symbol  as  a  series  of  short  line  segments.  The  number 
of  special  symbols  that  could  be  created  was  dependent  upon  the  number 
of  line  segments  that  the  symbol®  required.  A  maximum  of  26  symbols  of 
varying  complexity  were  created  during  the  experimentation. 


c  Use  of  the  created  symbol  required  two  alphanumeric  commands. 

The  ftrst  command  created  the  required  military  unit  symbol  except  for 
the  branch  symbol.  A  second  command  was  required  to  add  the  created 
branch  symbol  in  its  correct  location  within  the  rectangle. 

d  Deletion  o  rhe  created  symbol  from  the  library  required  typing 
"ES"  and  the  special  symbol  number. 

2  CRT. 

a  The  user  could  create  nine  special  symbols.  The  created  branch 
symboTs  were  made  part  of  the  symbol  menu  and  were  used  in  exactly  the 
same  way  as  the  permanent  branch  symbols.  However,  these  symbols  could 
not  be  reproduced  on  the  map  overlay  output  device. 

b  The  symbol  was  created  as  a  series  of  short  I ine  segments  inside 
a  recTangle  format  which  was  eight  squares  wide  by  six  squares  high. 

The  rectangle  was  displayed  on  the  console  screen,  and  the  small  squares 
were  used  by  the  operator  to  position  the  short  line  segments  starting 
from  the  lower  left  corner  of  the  rectangle.  Each  line  segment  was 
specified  by  a  typed  alphanumeric  command  that  gave  the  type  (solid  line 
or  blank),  the  length,  and  the  angle  of  the  segment  (1°  to  360°  in 
22  1/2°  increments).  The  operator  could  call  for  the  display  of  partially 
created  symbols  at  any  time.  Correction  of  line  segments  was  possible 
by  backspacing  until  the  segment  to  be  corrected  was  reached,  then 
inputting  the  correct  segments. 

c  Deletion  of  the  created  symbol  from  the  menu  required  picking 
the  DELETE  SYMBOL  function  with  the  light  pen  and  pointing  (with  the 
light  pen)  to  the  symbol  to  be  deleted. 

3  Photochromic. 

a  The  user  could  create  nine  special  symbols.  Each  symbol  was 
identified  by  a  number.  The  procedure  for  creating  the  symbol  was  easy 
and  straightforward,  but  the  means  of  using  the  symbol  did  not  meet  the 
intent  of  this  requirement,*  since  the  created  symbol  could  not  be  used 
in  the  same  way  as  the  branch  symbols  In  the  permanent  symbol  library. 

b  To  create  a  branch  symbol,  a  military  unit  rectangle  was  first 
displayed.  The  symbol  was  then  created  as  a  series  of  short  line  seg¬ 
ments  Inside  the  rectangle.  The  quality  of  the  created  symbol  was 
marginal  because  of  the  small  size  of  the  rectangle.  An  enlarged 
rectangle  for  use  in  creating  branch  symbols  would  have  been  ideal. 

c  Use  of  the  created  symbol  required  that  the  military  unit 
symbol,  except  for  the  branch  symbol,  be  created  first.  The  created 
branch  symbol  was  then  positioned  inside  the  rectangle  by  using  the 
joystick. 
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d_  Deletion  of  the  symbol  from  the  library  required  that  the 
DELETE  pushbutton  be  pressed  and  the  symbol  number  be  typed. 

(43)  Evaluation  for  requirement  number  43. 

(a)  Requirement  43.  The  console  must  allow  the  user  to  create  at 
least  five  Individual  graphic  symbols.  As  Is  the  case  for  branch  duty 
symbols,  each  created  graphic  symbol  must  be  associated  with  a  partic¬ 
ular  pushbutton  on  the  console.  The  pushbuttons  are  used  in  exactly  the 
same  manner  as  the  permanent  Individual  graphic  symbol  pushbuttons  In 
the  creation  and  correction  of  graphic  symbols.  The  procedure  for  the 
creation  of  additional  graphic  symbols  Is  the  same  as  the  procedure  for 
military  unit  branch  symbol  creation  (see  requirement  42  above).  When 
the  operator  presses  the  CREATE  SYMBOL  pushbutton,  the  enlarged  rectan¬ 
gular  format  used  In  the  creation  of  military  unit  branch  duty  symbols 
provides  the  operator  with  a  ready  frame  of  reference.  Since  the  oper¬ 
ator  knows  that  the  enlarged  format  reduces  to  the  size  of  a  military 
unit  symbol  rectangle  on  a  display,  he  can  create  the  desired  graphic 
symbol  to  the  appropriate  size  Inside  the  format. 


(b) 

Perf ormance . 

Scribe 

CRT 

Photochromic 

Met  (EC) 
Met  (AC) 

Met 

Met 

(c) 

Discussion. 

l 

Scribe. 

a  Individual  graphic  symbols  could  be  created  and  made  jart  of  the 
special  symbol  library.  The  procedure  for  the  addition  and  deletion  of 
these  symbols  was  identical  to  that  described  in  requirement  42  for 

branch  symbols. 

b  If  was  relatively  easy  to  display  the  created  symbol.  An  a*pha- 
numerTc  command  was  typed  which  specified  the  special  symbol  number  and 
the  location  (UTM  coordinate  entry  or  cursor  positioning)  at  which  the 
symbol  was  to  be  displayed. 

2  CRT.  Individual  graphic  symbols  could  be  created  and  made  a 
part  of  the  symbol  menu.  The  procedure  for  creating  and  deleting  symbols 
was  identical  to  that  described  In  requirement  42  above  for  branch 
symbols. 

3  Photochromlc.  Individual  graphic  symbols  could  be  created  and 
made  a  part  of  the  symbol  library.  The  procedure  for  creation  and 
deletion  of  the  symbols  was  identical  to  that  described  In  requirement 
42  above  for  branch  symbols. 
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(44)  Evaluation  for  requirement  number  44. 

(a)  Requirement  44.  The  console  must  allow  for  the  creation  or  at 
least  two  line-type  graphic  symbols.  The  created  symbol  must  be  associ¬ 
ated  with  a  particular  pushbutton  on  the  console.  The  pushbuttons  are 
used  in  exactly  the  same  manner  as  the  permanent  line-type  graphic 
symbol  pushbuttons.  The  procedure  for  the  creation  of  line-type  graph'c 
symbols  is  the  same  as  that  used  for  the  creation  of  military  unit 
symbols  and  individual  graphic  symbols  (see  requirements  42  and  43 
above).  By  using  the  enlarged  rectangular  format  as  the  frame  of  ref¬ 
erence,  the  operator  can  create  a  repeatable  element  of  the  graphic 
line-type  symbol  of  the  appropriate  size  Inside  the  format. 

(b)  Performance. 

*  * 

Scribe  CRT  Photochromic 

NA  (EC)  NA  NA 

NA  (AC) 

(c)  Discussion.  None  of  the  three  systems  had  the  capability  for 
creating  repeatable  seqmenfs  of  Sine-type  graphics  which  could  automati¬ 
cally  be  displayed  between  two  specified  points.  This  requirement  was 
identified  as  a  result  of  the  experimentation. 

(45)  Evaluation  for  requirement  number  45. 

(a)  Requirement  45. 

Ideally,  background  map  display  should  require  the  operator  to 
only  specify  the  level  of  delail  and  the  area  of  coverage  desired. 
Registration  with  the  dynamic  symbology  should  be  automatic.  If  a 
particular  background  is  to  be  frequently  displayed,  the  operator  must 
have  the  option  of  qivinq  it  an  identification  label  which  will  allow 
its  recall  without  the  operator  having  to  respecify  the  level  of  detail 
and  area  of  coverage.  The  currently  selected  categories  of  dynamic 
symbology  in  a  new|\  selected  area  of  coverage  must  appear  automatically. 

2  The  procedure  for  obtaining  a  desired  map  background  should  be 
similar  to  that  listed  below: 


a_  Press  the  SELECT  MAP  pushbutton. 

lb  use  ASCII  keys  to  type  in  the  desired  map  identification  label 
if  the  map  is  one  that  has  been  identified  previously. 


„#> 
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c  If  the  desired  map  has  not  been  identified,  ssJect  the  desired 
detalT  by  pressing  the  appropriate  pushbuttons  (i.e.,  ROADS,  GRIDS, 
RIVERS,  TOWNS).  Type  in  the  coordinate  (grid  zone  designation  and  four 
or  six  digits)  for  the  extreme  lower  left  and  upper  right  corners  of  the 
desired  area  of  coverage. 

d^  Press  the  SELECT  MAP  pushbutton  again.  This  causes  the  Jos i red 
map  to  be  displayed  and  the  pushbu+ton  to  be  turned  off.  (The  i*W'  mus!' 
b8  displayed  in  15  seconds  or  less.) 

3  The  operator  should  be  able  to  add  or  subtract  map  detail.  This 
shoulcT  only  require  that  he  press  the  appropriate  map  detail  pushbutton 
(i.e.,  ROADS,  RIVERS,  GRIDS,  TOWNS).  Detail  will  either  be  added  or 
subtracted  depending  on  whether  or  not  it  is  currently  displayed. 

4  If  at  any  time  the  operator  wants  to  give  a  label  identification 
to  the  map  currently  displayed  so  that  it  can  be  recalled,  he  should  be 
able  to  do  so  by  pressing  the  ADD  MAP  ID  pushbutton  and  then  typing  the 
desired  label  on  the  ASCII  keyboard.  Map  l deni  if i cat  ion  labels  should 

be  console  peculiar  (i.e.,  each  console  will  have  its  own  set  of  labels). 
Other  console  operators  will  be  able  to  retrieve  a  map  identified  on  a 
different  console  by  using  the  appropriate  prefix  for  that  console. 

5_  The  label  of  the  map  currently  displayed  should  appear  at  a 
particular  location  on  the  display  screen.  If  that  particular  combina¬ 
tion  of  detail  and  area  of  coverage  has  not  been  labeled,  no  label 
should  appear.  A  list  of  labels  currently  being  used  to  identify  maps 
on  that  console  should  be  available  upon  request  of  the  operator.  Maps 
may  be  deleted  from  this  list  by  pressing  the  DELETE  MAP  ID  pushbutton 
and  pointing  to  the  label  of  the  map  to  be  deleted. 

(b)  Performance. 


Scribe 


Photochromic 


NA  (EC)  NA  NA 

NA  (AC) 

(c)  Discussion.  None  of  the  three  systems  had  the  capability  to 
provide  the  ideal  means  of  attaining  background  coverage.  This  require¬ 
ment  was  identified  as  a  result  of  the  experimentation. 

(46)  Evaluation  for  requirement  number  46. 

(a)  Requirement  46. 

J_  If  the  ideal  background  map  display  procedure  described  in 
requirement  45  is  not  possible,  discrete  background  maps,  although  not 
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as  flexible,  offer  an  alternate  approach.  If  the  user  is  given  an 
infinite  number  of  on-line  discrete  background;  maps,  he  can  approach  the 
flexibility  of  the  ideal  map  described  above.  However,  an  infinite 
number  of  on-line  maps  that  have  varying  areas  of  coverage  and  different 
combinations  of  detail  is  not  realistic.  Realizing  this,  the  foliowinq 
considerations  are  provided  to  assist  in  the  specification  of  system? 
that  use  discrete  map  background  presentation. 

2  Each  display  system  must  have  a  number  of  discrete  maps  on  line. 

Each  map  in  the  set  must  be  available  within  15  seconds,  initiai  reqis- 
tration  and  cataloging  of  a  map  must  only  require  that  the  operator 
point  out  two  diagonally  located  grid  intersect  ions  or  two  known  (diag¬ 
onally  located)  points  and  type  in  their  coordinates  (grid  zone  desig¬ 
nator  and  4,  0,  8  digits).  The  operator  must  assign  on  identification 

label  to  the  map  so  that  it  can  be  easily  recalled,  this  label  must  be 
visible  whenever  the  map  is  displayed.  Once  the  map  is  registered,  i ~ 
must  not  require  reregistration  upon  recall. 

3  Background  orientation  or  scale  must  be  immaterial  when  regis¬ 
tering  a  map.  There  must  be  no  requirement  that  the  map  be  exactly 
vertical  or  cenTered  or  thar  it  have  a  particular  magni f 'cation  factor. 

In  addition,  a  means  for  easily  changing  on- line  backgrounds  either 
singly  or  as  a  sef'  must  be  provided. 

(b)  Performance. 

Scribe  CRT  Photochroroic 

NA  (EC)  Mo  to 

NA  (AC) 

(c)  Discussion. 

1  The  CRT  and  photochre  ic  consoles  could  provide  up  to  80  dis- 
creteTy  addressable  slides  of  map  background  areas.  The  average  access 
time  to  a  slide  was  5  seconds.  Each  background  was  identified  by  a 
number  (f  tnrough  80).  When  a  background  was  displayed,  the  CRT  console 
displayed  the  map  number  at  the  top  edge  of  he  background.  The  photo- 
chromic  system  did  not  display  the  background  number  with  the  bacxpround; 
however,  fne  slide  number  currently  selected  was  indicated  bv  a  2-digit 
dia!  located  on  the  consote. 

2  New  map  backgrounds  could  nol  be  easily  registered  on  either 
system.  The  registration  procedures  were  inflexible  and  placed  3n 
unnecessary  burden  on  the  user.  As  a  resulf  of  assumptions  made  te  th- 
dasigr.  of  fne  software,  fr:e  user  was  forced  to  prepare  backgrounds  rhal 
met  stringent  technical  requirements.  This  made  it  difficult  to  change 
the  discrete  map  areas  available  on  line  and  was  the  major  drawback  of 
both  systems*  mop  area  of  coverage  capability. 


3  Comments  on  the  map  registration  procedures  for  both  the  CRT  and 
photochromic  consoles  are  the  same  as  those  for  requirement  27. 

(47)  Evaluation  for  requirement  number  47. 

(a)  Requirement  47. 

1  The  console  must  be  able  to  store  and  display  data  items  by 
category.  When  a  new  data  item  is  added  to  the  system’s  data  base,  the 
system  must  allow  the  user  to  specify  which  category  or  categories  the 
data  item  is  to  be  stored  and  displayed  under.  It  must  be  possible  to 
assign  a  data  item  to  more  than  one  category  and  to  change  the  category 
or  categories  of  any  displayed  data  item.  The  number  of  categories 
required  is  app/roximatety  30. 

2  Data  items  associated  with  a  particular  echelon  (e.g.,  hostile 
and  friendly  units)  may  be  required  to  be  displayed  by  echelon  for  a 
selected  category.  For  example,  a  user  ray  wish  to  display  the  category 
containing  friendly  unit  locatio'T-  but  want  to  see  only  those  units  of 
brigade  size  or  larger.  A  set  of  pushbuttons  to  specify  the  desired 
echelons  should  be  provided  for  this  purpose. 

3  It  is  desirable  to  allow  the  user  the  option  of  specifying  the 
time  frame  for  categories  which  he  selects.  An  example  of  the  use  of 
this  option  is  the  display  of  reported  vehicular  movement  from  (date 
time  group)  to  (date  time  group).  If  the  option  Is  not  exercised,  the 
system  displays  all  data  for  the  selected  category  and  echelon.  The 
time  frame  applies  to  all  caiegories  selec+ed  for  display. 

4  The  procedures  listed  below  are  provided  as  a  guide  to  ciafa 
category  selection  and  category  change.  Initial  assignment  of  a  data 
item  to  a  category  is  discussed  in  the  procedure  for  de+a  item  creation 
(requirement  37  above)  and  the  requirement  for  TOS  message  race i pi 
(requirement  49  below). 

£  Category  selection. 

(J_)  Press  the  desired  echelon  pushbuttons  for  the  categories  to  be 
displayed.  The  echelon  selection  applies  to  all  displayed  categories 
which  have  echelon  associated  data  items. 


J  t 

V/ 


(2)  Press  the  desired  category  pushbuttons.  This  cause*  the  dis¬ 
play  o7  data  items  in  the  desired  categories  for  the  specified  echelon(s). 
Pressing  a  category  pushbutton  which  is  lit  disengages  the  pushbutton, 
turns  the  light  off,  and  causes  all  data  l terns  belonging  to  that  cate¬ 
gory  to  be  removed  from  the  display. 

b  Category  change. 
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(U  Press  the  CHANGE  CATEGORY  pushbutton.  This  causes  all  cate¬ 
gory  pushbuttons  which  are  lit  to  be  turned  off. 

(2)  Press  the  desired  category  pushbuttons. 

(3)  Point  to  the  data  item  (or  dafa  items  if  more  than  one  dafa 
item  il  to  be  sfored  in  the  new  categories)  on  the  display.  (Visual 
feedback  to  indicate  the  selected  symbols  should  occur.) 

(£)  Press  the  CHANGE  CATEGORY  pushbutton.  This  assigns  the  selected 
data  items  to  the  new  categories.  The  light  on  this  pushbutton  turns 
off,  and  the  previously  lit  category  pushbuttons  +urn  on. 

(5)  The  user  may  press  the  ABORT  pushbutton  at  any  time  during  the 
procedure.  This  returns  the  display  to  the  state  it  was  i>n  before  the 


procedure  was  initiated. 

(b)  Performance. 

Scribe 

CRT 

Photochromio 

No  (EC) 

No  (AC) 

No 

NA 

(c)  Discussion. 

J_  Scribe. 

a  Data  items  were  stored  by  data  type.  (The  items  belonging  to  a 
"data~type"  were  equivalent  to  a  "category"  called  for  in  this  require¬ 
ment.)  A  user-created  data  item  was  assigned  a  data  type  code  by  the 
operator  when  the  item  was  created.  Data  items  transmitted  from  DEVTOS 
were  assigned  predetermined  data  type  codes  and  were  stored  under  those 
data  types  when  received  by  the  system. 

b  Ten  data  types  were  available.  Five  types  were  used  for  friendly 
data  Items,  and  the  other  five  were  used  for  hostile  data  items.  This 
was  done  because  hostile  and  friendly  data  on  the  group  display  were 
scribed  on  separate  projectors.  Consequently,  an  equal  number  of  data 
types  were  assigned  to  each  projector. 

c  Category  selection  was  established  by  defining  the  displays. 

The  user  could  define  up  to  lb  displays.  When  defining  a  display,  the 
user  specified  the  color  filters  to  be  used  by  +he  five  projectors  on 
the  group  display,  the  slide  positions  for  the  two  scribing  and  the  two 
reference  projectors,  and  the  data  types  contained  in  the  display. 

Thus,  each  display  contained  a  combination  of  data  types  for  a  specified 
area  of  map  coverage. 


V 


£  When  a  data  item  was  created  by  the  operator,  the  alphanumeric,, 
command  which  created  the  item  specified  whether  it  was  a  friendly  or 
hostile  item  and  assigned  a  data  type  to  the  item.  The  data  type  deter¬ 
mined  which  display(s)  the  item  was  a  member  of.  A  data  item  was  assigned 
to  more  than  one  display  if  the  item’s  data  type  was  defined  in  more 
than  one  display.  i 

i 

e  The  user  could  not  change  an  item's  data  type  without  deleting 
the  item  and  re-creating  the  item  in  the  desired  data  type.  However, 
the  displays  could  be  redefined  to  include  different  combinations  of 
data  types. 

f  There  was  no  provision  for  restricting  the  echelon  of  mili+ary 
unit  symbols  on  displays  and  no  provision  for  specifying  a  display  by 
time  frame. 

g  The  procedure  for  category  assignment  and  display  was  cumbersome 
and  dTd  not  meet  the  degree  of  flexibility  called  for  in  the  require¬ 
ment.  Additionally,  the  number  of  categories  was  insufficient. 

2  CRT. 

a  Each  user-created  data  item  was  stored  in  a  selected  category 
when  the  item  was  created.  Data  items  transmitted  from  DEVTOS  were 
assigned  predetermined  categories  and  were  stored  in  the  appropriate 
category  when  received  by  the  system. 

A  data  item  was  assigned  to  only  one  category.  The  operator  was 
able  to  change  the  category  of  a  data  item  with  the  light  pen.  Fourteen 
categories  were  available,  and  a  data  item  could  be  stored  in  any  one  of 
the  fourteen.  There  was  no  provision  for  category  display  by  time 
frame. 

c  The  categories  were  listed  in  a  menu  which  was  displayed  on  the 
left  s"ide  of  the  console  screen  when  the  operator  pressed  Ihe  CATEGORY 
SELECT  pushbutton.  The  operator  selected  the  desired  categories  from 
the  displayed  menu  with  the  light  pen.  Any  combination  of  categories  up 
to  and  including  the  14  listed  in  the  menu  could  be  selected.  The 
category  select  menu  also  included  a  listing  of  echelons  from  company  to 
Army.  By  picking  an  echelon,  the  operator  restricted  the  size  of  dis¬ 
played  military  unit  symbols  to  that  echelon  and  higher.  When  the 
category  select  menu  was  displayed,  categories  which  had  been  or  were 
selected  for  the  displayed  area  of  coverage  blinked  on  and  off  to  indicate 
which  categories  defined  the  display.  The  blinking  tended  to  be  dis¬ 
tracting.  The  selected  categories  could  have  been  better  indicated  by 
pointers. 

d  When  the  displayed  map  area  of  coverage  was  changed,  data  items 
(in  the  currently  selected  categories)  which  were  located  in  the  new  map 
area  of  coverage  were  automatically  displayed.  The  only  exception  was 
multiple  point  items  which  did  not  have  all  points  in  the  new  area  of 
coverage .  ( See  requ i rement  14.) 
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e  The  procedure  for  category  assignment,  selection,  and  change 
approached  Hie  flexibility  and  ease  of  use  intended  in  Hie  requiremenl. 
However,  the  inabilily  to  assign  a  data  item  to  more  than  one  cafegory 
was  unsatisfactory  arid  the  number  of  categories  was  insufficient. 

3  Pholochroinic.  The  inability  to  assign  data  items  to  categories 
and  to  display  data  items  by  categories  was  a  serious  shortcoming  of  the 
system. 

(48)  Evaluation  for  requirement  number  48. 

(a)  Requirement  48. 

1  A  means  for  storing*  display  scenes  is  required.  The  sysiem  rnusi 
also  have  the  capability  to  re-store  these  modified  display  scenes.  The 
procedure  for  storing  display  scenes  should  be  similar  to  that  listed 
below: 

a  Press  ihe  STORE  HISTORY  pushbutton. 

b  Type  a  brief  description  of  the  scene  that  was  stored.  Visual 
feedback  of  what  is  typed  should  appear  on  the  lower  edge  of  the  scene. 

c  The  system  adds  this  scene  description  fo  its  current  listing  cf 
stored”  scenes  for  that  particular  console. 

d^  Press  the  STORL  HISTORY  pushbutton  again.  This  completes  the 
storage  „rocedure  and  the  pusnbu+ton  light  goes  off. 

2  The  procedure  for  the  recall  of  stored  display  scenes  should  be 
similar  to  fhat  listed  beiow: 

a  Press  trie  RECALL  HISTORY  pushbutton.  A  list  of  the  currently 
stored^  scene  descriptions  for  that  console  is  displayed.  (If  the  con¬ 
sole  operator  wants  a  listing  of  another  console’s  stored  scenes,  he 
types  that  console's  prefix.) 

b  Poinf  to  the  scene  description  desired.  The  selected  scene  must 
appeaF  within  15  seconds.  Deletion  of  scenes  in  the  list  should  only 
require  pressing  the  DELETE  pushbutton  and  pointing  to  the  appropriate 
descr i prion. 

c  Rerurn  to  tne  display  shown  prior  to  history  recall  is  accom¬ 
plished  by  repushing  ihe  on-off  RECALL  HISTORY  pushbutton. 

(b)  Performance. 


Scribe 


Photochromy 


No  (EO 
No  (AC) 


(<-•  Discussion. 


j_  The  scribe  and  CRT  systems  had  the  ability  to  store  and  recall 
displayed  scenes,  but  the  capability  did  not  fully  meet  the  requirement. 
Nei+her  system  nad  the  ability  to  list  the  currently  stored  scenes.  As 
a  re;ulf,  the  operator  had  to  write  th<-  scene  storage  data  and  its 
description  on  a  history  log  for  future  reference.  The  procedures  for 
storing  a  displayed  scene  were  easy  to  use.  The  scribe  system  required 
a  two-cnaracter  alphanumeric  command  followed  by  the  display  number. 

The  ChT  system  required  that  the  STORE  HISTORY  pushbutton  be  pressed. 

2  Both  systems  stored  display  scenes  on  magnetic  tape.  The  recall 
procedure  required  the  operator  to  specify  the  history  storage  data  (the 
time  recorded  by  the  system  when  the  scene  was  stored).  Since  the 
scenes  were  recorded  sequentially  on  the  magnetic  tape,  the  time  required 
to  recall  a  scene  depended  upon  the  location  of  the  scene  on  the  tape  at 
the  time  of  recall.  If  the  tape  position  and  the  scene  position  coin¬ 
cided,  recall  was  completed  within  10  seconds.  However,  if  the  worst 
case  occured  (i.e.,  the  tape  was  positioned  at  the  last  record  on  the 
end  of  the  tape  and  the  scene  desired  was  the  next  to  last  record),  the 
recall  time  was  much  longer  because  the  tape  was  wound  again  and  the 
search  for  the  desired  record  began  from  the  start  of  the  tape.  The 
scribe  system’s  tape  can  be  used  as  an  example.  Its  worst  case  time  was 
approximately  8  minutes.  The  time  was  based  on  the  tape  length  of 
2,400  feet,  a  rewind  speed  of  24  feet  per  second,  and  a  forward  (search) 
speed  of  7  1/2  inches  per  second.  The  time  could  be  reduced  if  a  shorter  v' 

tape  length  was  used.  The  use  of  magnetic  tape  as  a  means  of  storing 
displays  did  not  provide  the  recall  speed  specified  by  the  requirement. 

(49)  Evaluation  for  requirement  number  49. 

(a)  Requirement  49. 

1  Each  console  must  have  the  ability  to  send  data  items  to,  and 
receive  data  items  from,  TOS.  Update  of  the  TOS  data  base  should  only 
require  that  the  operator  press  the  TOS  DATA  pushbutton  and  point  to  the 
data  item(s)  selected.  The  data  items,  along  with  their  associated  free 
text,  are  sent  to  TOS  when  the  TOS  SEND  pushbutton  is  pressed. 

2  TOS  data  is  either  received  as  a  result  of  a  standing  request 
or  information  (SRI)  or  a  query  from  a  particular  console.  The  SRI  or 

query  establishes  the  console  data  category  or  categories  that  incoming 
data  items  are  assigned  to.  When  a  data  item  is  received,  it  is  auto¬ 
matically  displayed  and  high' .  jhted  if  it  is  in  the  area  of  map  coveraqe 
displayed.  It  is  displayed  and  highlighted  regardless  of  the  currently 
selected  categories.  The  item  continues  to  be  highlighted  until  +he 
operator  points  to  it  and  presses  an  ACCEPT,  SAVE,  or  REJECT  pushbutton 
to  indicate  that  he  sees  the  item.  The  ACCEPT  pushbutton  adds  the  data 
item  to  the  designalod  display  categories.  The  SAVE  pushbutton  adds  the 
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item  to  a  special  TOS  save  category.  Data  items  in  the  T05  save  cate- 
gory  can  be  transferred  to  display  categories  at  any  time.  The  REJECT 
pushbutton  deletes  the  item.  Blinking  is  an  acceptable  means  for  auto¬ 
matic  highlighting  although  any  other  means  that  is  equally  as  attention 
getting  is  acceptable.  It  a  data  item  received  from  TOS  is  not  in  the 
currently  displayed  area  of  map  coverage,  it  appears  and  is  highlighted 
the  first  time  the  operator  selects  an  area  of  coverage  that  includes 
the  item's  location.  Military  unit  symbols  that  have  branch  duty  symbols 
that  are  not  contained  in  the  permanent  symbol  generator  must  appear 
with  the  first  four  letters  of  the  branch  duty  inside  the  rectangle. 

3  When  a  TOS  data  item  is  an  update  to  data  already  in  the  system, 
pressing  the  ACCEPT  pushbutton  causes  automatic  replacement  of  the 
previous  information.  An  example  is  the  automatic  update  of  a  partic¬ 
ular  unit's  location  or  the  relocation  of  a  particular  boundary. 

(b)  Performance. 

Scribe  CRT  Photochromic 

No  (EC)  No  NA 

No  (AC) 

(c)  Discussion. 

]_  General.  The  scribe  and  CRT  design  specifications  did  not 
require  that  the  systems  be  able  to  transmit  data  to  an  outside  ADP 
source.  Data  transmitted  to  the  systems  was  established  by  a  standing 
request  for  information  (SRI)  or  by  query.  The  SRI  or  the  query  was  not 
initiated  at  the  system's  console,  but  from  a  DEVTOS  message  input- 
output  device  (MIOD)  that  was  co-iocated  with  the  system.  DEVTOS  data 
items  were  assigned  predetermined  categories  and  were  stored  in  these 
categories  when  received  by  the  systems. 

2  Scribe, 


a_  Each  incoming  DEVTOS  data  item  in  the  currently  selected  area  of 
map  coverage  was  displayed  if  it  was  one  of  the  data  types  defined  for 
the  display.  Highlighting  of  the  new  item  was  accomplished  by  moving 
the  cursor  to  the  item's  location.  That  means  of  highlighting  was 
unsatisfactory.  The  cursor  was  the  same  color  as  the  dynamic  symbology ; 
it  was  a  small  "o"  and  frequently  was  hard  to  locate  in  the  display 
without  moving  it  so  if  could  be  seen.  At  the  fimo  of  receipt  and 
before  the  DEVTOS  ilem  became  part  of  the  system's  data  base,  the  operator 
could  accept  or  reject  the  item  by  pressing  an  ACCEPT  or  a  REJECT  push¬ 
button. 

b  Incoming  DEVI  OS  data  interrupted  any  ongoing  data  manipulation 
at  the  console.  This  was  unacceptable  to  the  operator  since  it  effectively 
made  the  console  useless  until  the  data  transmission  and  acceptance  (or 
rejection)  was  complete.  The  acceptable  alternative  would  have  been  to 
allow  the  operator  to  function  normally  at  the  console  while  the  incoming 
data  was  be.ng  displayed. 


c  DEVTOS  data  Items  that  were  not  in  the  selected  area  of  coverage 
were  displayed  the  first  time  an  area  that  included  the  item's  location 
was  displayed.  This  was  subject  to  the  condition  that  the  display  for 
that  area  of  coverage  included  the  item's  data  type  in  its  initial 
definition. 


u 


d  A  DEVTOS  data  item  which  was  an  update  to  a  data  item  currently 
in  the  data  base  did  not  automatically  replace  the  old  item  in  the  data 
base.  Thus,  both  the  new  and  old  DEVTOS  data  Items  were  displayed. 

This  caused  an  unnecessary  burden  on  the  operator,  as  he  had  to  manually 
delete  the  old  items.  In  many  instances  it  was  not  easy  to  determine 
which  was  the  old  item  and  which  was  the  replacement  item. 

3  CRT. 


a  Each  DEVTOS  data  item  located  in  the  currently  selected  area  of 
map  coverage  was  displayed  upon  receipt  if  it  was  in  one  of  the  cate¬ 
gories  selected  for  display.  The  item  was  highlighted  by  causing  it  to 
blink.  The  blinking  stopped  when  the  operator  regenerated  the  display. 
Incoming  DEVTOS  data  did  not  interrupt  ongoing  data  manipulation. 

b^  Data  items  received  from  DEVTOS  were  automatically  added  to  the 
system's  data  base.  If  the  user  decided  that  the  Hem  was  of  little 
significance  and  was  unnecessary,  he  had  to  delete  the  item. 

c  DEVTOS  data  items  that  were  not  in  the  selected  area  of  coverage 
were  displayed  and  high  lighted  the  first  time  an  area  that  included  the 
item's  location  was  displayed  provided  that  the  item's  category  was  one 
of  those  selected  for  display. 

A  DEVTOS  data  item  which  was  an  update  to  a  data  item  currently 
in  the  data  base  automatical ly  replaced  the  old  i+em  in  the  data  base. 

For  example,  a  unit's  boundary  or  defensive  frontljne  trace  was  auto¬ 
matically  updated.  However,  data  items  which  were  only  partially  spec¬ 
ified  were  also  automatically  replaced.  This  was  unsatisfactory.  For 
example,  a  data  item  which  was  transmitted  from  DEVTOS  and  displayed  as 
an  unknown  tank  battalion  was  replaced  whenever  another  data  Item  specified 
as  an  unknown  tank  battalion  was  received.  This  was  done  even  though 
the  new  data  item  was  not  the  same  unit  and  was  located  at  an  entirely 
different  part  of  the  map  area.  It  was  corrected  so  that  only  those 
data  items  which  were  completely  specified  (e.g.,  a  military  unit  which 
included  the  left  and  right  identification,  the  size,  and  the  branch 
duty  symbol)  were  replaced. 

(50)  Evaluation  for  requirement  number  50. 

(a)  Requirement  50.  The  transfer  of  entire  displays  from  one  con¬ 
sole  to  another  must  be  provided  for.  This  can  be  between  consoles 
within  an  automated  display  system  or  between  a  console  in  one  system 
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and  'j  console  located  jn  another  system  at  another  echelon.  The  transfer 
will  generally  be  in  answer  to  a  verbal  request  for  specific  Information. 
The  procedure  should  only  require  that  the  operator  obtain  the  desired 
display  In  the  normal  manner,  press  a  SEND  DISPLAY  pushburton,  and  type 
an  Identification  for  the  console  which  Is  to  receive  the  display. 

(b)  Performance. 


Scribe 


Photochromic 


NA  (EC)  NA  NA 

NA  (AC) 

(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
the  experimentation. 

(51)  Evaluation  for  requirement  number  51. 

(a)  Requirement  51.  Transmission  of  alphanumeric  data  from  one 
disclay  system  to  another  display  system's  printer  should  be  possible 
from  the  interactive  graphic  display  console.  The  data  is  stored  by 
category  and  is  transmitted  one  category  at  a  time.  The  procedure 
should  only  involve  displaying  the  appropriate  category,  pressing  a  SEND 
ALPHANUMERIC  pushbutton,  and  typing  the  prefix  of  the  printer  where 
output  is  desired. 

(b)  Performance. 


Scribe 


Photochromic 


NA  (EC)  NA  NA 

NA  (AC) 

(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
the  experimentation. 

(52)  Evaluation  for  requirement  number  52. 

(a)  Requirement  52. 

I  An  automated  display  system  must  have  the  ability  to  provide 
additional  data  on  any  display  data  item  upon  user  request.  It  must 
also  provide  the  user  with  the  ability  to  add  his  own  free  text  remarks. 

2^  To  obtain  additional  data  on  a  displayed  da+a  item  or  to  add  a 
comment  on  the  item,  a  procedure  similar  to  that  listed  below  should  be 
used: 

a  Press  the  EXTRA  DATA  pushbutton  on  the  console. 


b  Point  to  the  desired  data  item.  This  causes  the  display  of  a 
three~part  format.  The  display  of  this  format  must  not  replace  the 
graphic  display.  The  format  can  be  displayed  on  the  same  screen  with 
the  graphic  display  or  on  a  separate,  but  nearby,  alphanumeric  display 
screen, 

<J_)  The  first  part  of  the  format  is  automatically  completed  by  the 
system  and  includes,  as  a  minimum,  the  grid  coordinate(s)  of  the  data 
item.  Other  data  which  can  be  included  in  this  part  of  the  format  are 
the  date  time  group,  the  originator,  and  the  reliability  of  the  data. 

(2)  The  second  part  of  the  format  is  provided  for  the  entry  of 
optional  free  text  rem  ; ks  by  the  originator  of  the  data  item.  If  the 
data  item  is  transmitteo  from  an  outside  source  such  as  TOS,  the  sender’s 
remarks  (if  any)  are  entered  here.  If  the  data  Item  is  originated  by 
the  display  system  user,  his  remarks  (if  any)  are  entered  here. 

(5)  The  third  part  of  the  format  is  provided  for  optional  free 
text  remarks  by  the  recipient  of  the  data  item.  A  data  item  transmitted 
from  an  outside  source  has  this  part  of  the  format  for  the  display 
system  user’s  comments  (if  any). 

c  Type  free  text  comments  (if  any)  in  the  second  part  (originator) 
or  third  part  (recipient)  of  the  format. 

d  Press  the  EXTRA  DATA  pushbutton.  This  turns  the  pushbutton 
light  off  and  deletes  the  extra  data  format  from  the  display. 


(b)  Performance. 


Scribe 

CRT 

Photochromic 

NA  (EC) 

NA 

NA 

NA  (AC) 

(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
the  experimentation. 


(53)  Evaluation  for  requirement  number  53. 


(a)  Requirement  53. 


£  A  number  of  control  switches  or  knobs  are  required  on  the  inter¬ 
active  graphic  display  console.  The  controls  must  be  on  the  console. 

The  console  operator  should  not  have  to  leave  his  position  in  order  to 
reach  them.  The  controls  listed  below  must  be  included: 


a  Dynamic  symbology  brightness  control  knob.  Turning  the  knob  one 
way  or  the  other  increases  or  decreases  the  ovuaoZZ  brightness  of  dis¬ 
played  dynamic  symbology  within  the  range  from  maximum  brightness  to  the  - 
dynamic  symbology  being  completely  faded  from  the  screen. 
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b_  Map  background  brightness  control  knob.  Turning  the  knob  one  i 

way  or  the  other  increases  or  decreases  the  oveAaJtl  brightness  of  the 
displayed  map  background.  The  brightness  is  controllable  from  maximum 
brightness  to  the  map  background  being  completely  faded  from  the  screen. 

c  Restart-reset  pushbutton.  This  pushbutton  Is  used  when  operator 
or  system  error  causes  the  processor  to  halt.  Pressing  the  pushbutton 
causes  a  reload  of  the  display  program  if  necessary  and/or  resetting  of 
the  program  parameters  to  what  they  were  before  the  halt.  The  system 
must  be  operational  within  15  seconds  after  this  pushbutton  is  pressed. 

However,  return  to  full  operational  status  within  2  or  3  seconds  is 
highly  desirable. 

2  The  controls  listed  below  should  be  included  on  the  console: 

a  Color  brightness  control  knob(s).  One  knob  is  provided  for  each 
color  of  dynamic  symbology.  The  knob  has  the  same  function  and  range  as 
the  dynamic  symbology  brightness  control  knob  except  that  it  controls 
the  brightness  of  an  individual  color. 

£  Map  feature  brightness  control  knob(s).  These  controls  are 
necessary  if  the  ideal  map  background  display  is  practical.  One  knob  is 
required  for  each  color  used  to  identify  a  specific  map  feature  (e.g., 
roads,  vegetation,  rivers).  The  function  and  range  of  the  knob  is  the 
same  as  the  map  background  brightness  control  knob  except  that  it  control 
the  brightness  of  an  individual  map  feature  color. 

£  Symbol  size  control  knob.  Turning  the  knob  one  way  or  the  other 
varies  (within  a  specified  range)  the  size  of  ail  data  items  except 
line-type  graphic  items,  circles,  and  ellipses.  When  the  control  is 
used,  all  parts  of  the  data  item  (e.g.,  the  rectangle,  the  branch  duty 
symbol,  the  left  identification,  the  right  identification,  and  the 
echelon)  are  either  enlarged  or  reduced  proportionally.  Changing  the 
size  of  the  symbol  must  not  change  the  symbol’s  apparent  map  location. 

5  Other  controls  may  be  required,  depending  upon  the  display 
technique  used.  For  example,  individual  dynamic  symbology  and  map 
background  focus  knobs  may  be  necessary. 


(b)  Performance. 

Scribe 

CRT 

Photochromic 

No  (EC) 

No 

No 

No  (AC) 

(c)  Discussion. 


J_  Scribe. 

a  A  control  knob  on  the  consoles  was  used  to  adjust  the  brightness 
of  dynamic  symbology.  The  consoles  had  no  capability  for  displaying  map 
backgrounds;  therefore,  they  did  not  require  a  background  brightness 
control.  A  separate  control  knob  was  used  to  focus  the  dynamic  symbology. 

b^  There  was  no  restart-reset  control  on  the  consoles.  The  display 
program  was  reloaded  from  the  magnetic  tape  unit.  This  took  approximately 
5  minutes. 

c  Symbol  size  change  for  the  ontire  display  was  accomplished  by 
typing  an  alphanumeric  command  for  the  symbol  size  desired  rather  than 
by  a  control  knob. 

2  CRT. 

a  A  control  knob  on  the  console  was  used  to  vary  the  overall 
brightness  of  the  dynamic  symbology.  No  control  was  available  for 
varying  the  individual  color  brightness.  A  separate  knob  was  used  to 
focus  both  colors  of  dynamic  symbology. 

b  There  was  no  restart-reset  control  on  the  console.  However, 
resetting  or  restarting  was  initiated  at  the  processor  and  met  the  time 
specified  by  this  requirement.  The  system’s  operating  system  and  display 
control  routines  were  on  an  on-line  magnetic  disk  unit. 

c  There  was  no  control  for  adjusting  the  brightness  of  the  dis¬ 
played  map  background.  Size  change  of  Individual  alphanumeric,  indi¬ 
vidual  graphic,  and  military  unit  symbols  was  accomplished  by  the  light 
pen  rather  than  by  a  control  knob.  Symbol  size  change  for  the  entire 
display  was  not  controllable. 

!5  Photochromic. 

a  Separate  control  knobs  on  the  console  were  used  to  adjust  the 
brightness  of  the  dynamic  symbology  and  the  displayed  map  background. 
Separate  knobs  were  also  used  to  focus  the  dynamic  symbology  and  +he  map 
background.  Other  controls  included  a  knob  to  odjust  the  tilt  of  the 
displayed  map  background  image  and  knobs  to  adjust  the  vertical  and 
horizontal  dimension  of  the  electronically  generated  border  to  match  the 
displayed  map  image  size. 

b^  There  was  no  restart-reset  control  on  the  DEEM  or  on  the  DCU. 

The  dispiay  program  was  reloaded  from  a  high  speed  paper  tape  reader. 

This  took  approx imalely  5  minutes.  When  the  paper  tape  reader  was  inop¬ 
erable,  the  reload  was  performed  by  the  teletype.  This  took  approxi¬ 
mately  45  minutes  and  was  totally  unacceptable. 

c  The  symbol  size  on  the  system  was  not  variable. 


(54)  Evaluation  for  requirement  number  54. 

(a)  Requirement  54. 

1  The  display  system  must  notify  the  interactive  graphic  display 
consoTe  operator  when  he  performs  a  step  in  a  procedure  incorrectly. 

The  notification  means  must  be  positively  attention  getting,  must  be 
rapid,  and  must  specify  exactly  what  was  done  wrong.  An  audio  alert 
such  as  a  bell  or  buzzer  should  sound  whenever  an  error  occurs,  incor¬ 
rect  attempts  to  recover  from  the  error  cause  addiliona',  audio  alerts. 

The  error  message  display  must  not  delete  the  current  situation  display. 
The  error  message  continues  to  be  displayed  until  the  operator  performs 
the  correct  step  in  the  procedure  or  until  he  presses  the  ABORT  push¬ 
button  at  which  time  the  error  message  is  deleted  and  the  display  returns 
to  the  state  it  was  in  before  the  series  of  commands  was  initiated. 

2  The  error  message  must  tell  the  operator  exactly  what  he  did 
wrongT  The  use  of  error  codes  which  require  the  operator  to  look  up  the 
code  to  determine  the  error  is  not  user  oriented  and  is  not  acceptable. 
Ideally,  the  error  message  should  state  what  step  of  the  procedure  was 
performed  incorrectly.  For  example,  using  the  procedure  outlined  for 
the  creation  of  military  symbols,  an  error  message  might  read:  "Last 
pushbutton  depressed  was  not  branch  duty." 

(b)  Performance. 

Scribe  CRT  Photochromir 

No  (EC)  No  No 

No  (AC) 

(c)  Discussion. 

1  Scribe.  The  operator  was  notified  of  an  error  by  an  "£”  dis¬ 
played  on  the  console.  Most  errors  occurred  during  the  typing  of  an 
alphanumeric  procedure  command.  Recovery  from  the  error  required  the 
operator  to  retype  the  command  or  reinitiate  the  procedure. 

2  CRT.  The  operator  was  notified  of  an  error  by  the  ERROR  MESSAGE 
pushbutton  beinq  lit  and  a  blinking  error  code  on  the  console  screen. 

The  error  code  consisted  of  four  digits.  Unless  the  operator  was  familiar 
with  the  displayed  code,  he  was  required  to  consult  a  table  to  determine 
what  the  code  meant.  To  recover  from  the  error,  the  operator  pressed 
the  ERROR  MESSAGE  pushbutton  to  turn  the  light  off.  He  then  continued 
with  the  correct  step  in  the  procedure  or  reinitiated  the  procedure. 

^5  Photochromir.  The  operator  was  notified  when  an  error  in  the 
procedure  occurred  by  the  lack  of  audio  feedback  when  he  pressed  the 
pushbuttons  on  I  he  DOU.  Also,  the  system  would  not  respond.  Recovery 
from  an  error  required  reinitialization  of  the  display  processor  and  in 
some  cases  a  reload  of  the  display  program. 
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(55)  Evaluation  for  requirement  number  55. 

(a)  Requirement  55.  The  principal  users  (l.e.,  G2,  G3)  should  not 
be  deprived  access  to  a  console  for  periods  longer  than  15  minutes. 

(b)  Performance. 

Scribe  CRT  Photochromic 

NA  (EC)  NA  NA 

NA  (AC) 

(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
the  experimentation. 

2-10.  Group  Display  Output  Device.  A  description  of  the  device  in  each 
of  the  three  candidate  sysfems  which  performed  functions  corresponding 
to  the  requirements  stated  for  the  group  display  output  device  follows: 

a.  Scribe  -  laAge.  acAeen  dtiplay. 

(1)  The  Vigicon  large  screen  display  used  a  rear  screen  projection 
technique  to  project  a  5-foot  by  5-foot  color  display  onto  a  rigid 
screen  that  was  located  10  feet  from  the  projectors.  The  display  was  a 
composite  image  projected  from  five  individual  projectors  (two  scribinq, 
two  reference,  and  one  spotting).  The  projectors  used  Incandescent 
750-watt  lamps  as  a  light  source.  The  color  of  each  projector's  output 
was  selectable  by  the  selection  of  computer-control  led  * 1  Iters  (blue, 
green,  yellow,  orange,  red,  and  clear).  The  light  Intensity  of  each 
projector  was  controlled  by  manual  aperture  settings. 

(2)  The  two  scribing  projectors  generated  the  dynamic  display 
symbology  by  means  of  an  X-Y  plotting  mechanism.  The  mechanism  used  a 
transparent  stylus  plate,  located  in  the  optical  path,  to  scribe  symbology 
onto  metal  coated  glass  slides  (40  slides  per  projec+or).  The  effective 
scribing  area  was  I  inch  by  I  inch.  One  scribing  projector  was  used  for 
enemy  symbology  which  was  displayed  in  red.  The  other  projector  was 

used  for  friendly  and  control  measure  symbology  which  was  displayed  in 
green. 

(3)  The  two  reference  projectors  were  used  very  I ittle  during  the 
experimentation  since  the  map  backgrounds  chosen  as  a  result  of  the  map 
background  conference  (see  part  two,  chapter  I,  section  II,  subpara¬ 
graph  l-4f)  were  not  available  on  Vigicon  slides.  The  only  available 
Vigicon  map  slides  contained  white  symbology  on  a  black  background.  The 
map  backgrounds  decided  upon  at  the  conference  required  the  symbology  to 
be  in  color.  A  35-millimeter  Kodak  Carrousel,  Model  800,  with  a  BUHL 
EFL  1.7  f:2.8  folded  optic  lens  was  used  by  the  testers  to  rear-project 
the  required  backgrounds  onto  the  screen  for  legibility  testing.  The 
carrousel  was  manually  operated  and  had  80  sequentially  addressable 
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those  S^d^ke’PSr81 11,85  f°jfted  bV  this  «+liod  were  Identical  to 
the  CRT  group  display  projected  map  backgrounds. 
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b.  CRT  -  CRT  projection  dup^jj. 
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(4)  A  blue-green  laser  which  was  also  deflected  by  high  speed 
galvanometers  was  used  to  display  a  cursor.  The  blue-green  laser  beam 
passed  through  the  photochromic  film  without  affecting  it  and  was  pro¬ 
jected  directly  onto  the  large  screen. 

d.  Evaluation. 

(I)  Evaluation  for  requirement  number  I. 

(a)  Requirement  I.  The  group  display  output  device  must  be  able 
to  display  the  64-character  ASCII  set;  the  FM  21-30  symbols  listed 
below;  symbology  added  to  the  symbol  generator  by  the  user;  circles; 
ellipses;  and  freehand  graphics  such  as  symbols  for  boundaries  and  axis 
of  advance.  The  following  symbols  should  be  a  part  of  the  permanent 
symbol  generator.  FM  21-30  illustrates  each  symbol  and  provides  exam¬ 
ples  of  the  use  of  the  symbols. 

Military  Unit  Symbols 

HEADQUARTERS 
CENTER  OF  MASS 
TRAINS 

NOTE:  Military  unit  symbols  must  be  displayed  as  actual  or  proposed. 

In  addition,  they  must  denote  whether  the  represented  unit  is  a  task 
force. 


AIRBORNE 

AIR  DEFENSE  ARTILLERY 

AIRMOBILE 

ANTITANK 

FIELD  ARTILLERY 


Branch  Duty  Symbols 

ARMOR 
AVIATION 
CAVALRY 
CHEMICAL 
ENGINEER,  BRIDGE 


Graphic  Symbols 


ENGINEER 
I NFANTRY 
MAINTENANCE 

PSYCHOLOGICAL  OPERATIONS 
SIGNAL 

TRANSPORTATION 


OBSERVATION  POST 
COORDINATING  POINT 
MINE,  ANTITANK 
MINE,  ANTIPERSONNEL 
POL  POINT,  GROUND  (combat  service 
support  installation) 


AMMUNITION  SUPPLY  POINT,  ALL 
TYPES  (combat  service  support 
ins+al laticn) 

AID  STATION  (combat  service 
support  installation) 


V'^T’V  4 rww  ’'WStftSWFWF/tN  ***+  *•  1?“',  ■: 
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Line-Type  Graphic  Symbols 


SOLID  LINE 

TRENCH,  BASIC  SYMBOL 
WIRE,  CONCERTINA,  SINGLE 


(b)  Performance. 
Scribe 
Met 


DASHED  LINE 

TANK  OBSTACLE,  TYPE  UNSPECIFIED 
LINE  OF  CONTACT  (defensive  frontline 
trace) 


Photochromic 

Met 


(c)  P:scussion.  The  list  of  symbols  which  the  scribe  and  the  CRT 
systems  were  capable  of  displaying  was  mutually  agreed  upon  by  MASSTER 
and  each  vendor.  The  list  of  symbols  did  not  include  ail  of  the  symbols 
specified  by  the  requirement.  However,  the  scribe  and  the  CRT  systems 
were  able  to  display  the  symbols  agreed  upon.  The  photochromic  system 
was  able  to  display  the  symbols  specified  by  USAMC-ECOM.  All  three 
systems  would  have  had  the  required  symbols  iri  their  symbol  library  if 
the  designers  had  been  giver,  the  above  list.  Therefore,  all  three 
systems  were  rated  as  having  met  the  intent  of  the  requirement. 

(d)  Data.  The  number  of  symbols  which  were  contained  in  each 
system's  symbol  library  are  shown  in  figure  2-6  below. 


Symbol 

Requ i red 

Scribe 

CRT 

Photochrc 

Alphanumeric 

64* 

64* 

64* 

64* 

Mi  1 itary  unit 

Type 

3 

5 

5 

5 

Branch  duty 

16 

41 

13 

25 

Individual 

graphic 

7 

16 

7 

6 

Line-type 

graphic 

6 

4 

2 

4 

"The  symbols  were  the  same  as  those  contained  in  the  64-character  ASCII  set, 
Figure  2-6.  Number  of  symbols  in  group  display  symbol  library. 

(2)  Evaluation  for  requirement  number  2. 

(a)  Requiremenr  2.  The  group  display  scene  must  appear  to  be  an 
enlargement  of  the  console  display  scene.  The  symbol  style  and  propor¬ 
tion  must  match  those  used  on  the  console. 
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(b)  Performance. 


Scribe 

CRT 

Photochromic 

Met 

Met 

Met 

(c)  Discussion.  Ail  scenes  transferred  to  the  group  displays  from 
the  graphic  consoles  appeared  to  be  enlargements  of  the  console  display 
scenes. 

(3)  Evaluation  for  requirement  number  3. 

(a)  Requirement  3.  A  minimum  of  three  colors  is  required.  Three 
colors  allow  friendly,  enemy  and  control  measure  symbols  to  be  color 
coded.  Four  to  six  colors  are  desirable.  Color  selection  must  be 
based  upon  obtaining  a  high  degree  of  contrast  in  relation  to  the  map 
backgrounds  the  symbols  will  be  displayed  upon. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

No 

No 

No 

(c)  Discussion.  In  addition  to  color,  enemy  military  unit  symbols 
on  the  scribe  and  CRT  group  displays  were  distinguished  by  a  notch  or 
dovetail  in  place  of  the  right  verticle  edge  of  the  symbol  rectangle. 
Data  indicated  that  color  was  the  primary  distinguishing  factor  used  by 
observers  and  that  shape  coding  was  unnecessary  when  color  was  used. 

J_  Scribe.  The  group  display  dynamic  symbology  was  in  two  colors. 
It  had  the  potential  for  a  three  color  dynamic  symbology  display  if  one 
of  the  reference  projectors  had  contained  a  scribing  mechanism.  Enemy 
symbols  were  displayed  in  red.  Friendly  symbols  were  displayed  in 
green.  The  contrast  of  these  symbols  against  the  level  4  and  level  6 
map  backgrounds  was  satisfactory.  The  standard  military  topographic  map 
projection  was  predominantly  white,  and  contrast  of  the  red  and  green 
symbols  against  this  background  was  low.  When  the  filters  were  changed, 
the  contrast  of  white  and  yellow  symbols  against  these  same  backgrounds 
was  excellent  for  all  but  the  topographic  map.  The  contrast  on  the 
topographic  map  was  satisfactory. 

2  CRT.  The  group  display  dynamic  symbology  was  in  two  colors. 
Enemy  symbols  were  displayed  in  red.  Friendly  symbols  were  displayed  in 
green.  The  contrast  of  the  symbols  against  the  level  4  and  level  6  map 
backgrounds  was  satisfactory.  The  projection  of  the  standard  military 
topographic  map  was  predominantly  white,  and  contrast  of  the  symbols 
against  this  background  was  poor. 
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Photochromic.  The  group  display  dynamic  symbology  was  in  one 
color  only.  Enemy  military  unit  symbols  were  distinguished  by  a  double 
edged  rectangle.  The  contrast  of  the  dark  blue  dynamic  symbology  against 
the  level  4,  level  6,  and  standard  military  to  iraphic  map  backgrounds 
was  satisfactory. 

(4)  Evaluation  for  requirement  number  4. 

(a)  Requirement  4.  The  yroup  display  should  be  fuliy  legible 
under  normal  office  lighting  (70  foot-candles  at  desk  top  level).  This 
requirement  could  be  relaxed  ic  as  low  as  30  foot-candles.  Full  legi¬ 
bility  is  defined  as  easy  identification  by  every  viewer  in  an  audience 
of  20  people  of  every  symbol  in  a  tactical  situation  display. 


Performance. 


Scribe 


Photochromic 


(c)  Discussion. 

I  Scribe.  The  red  and  green  symbology  was  easily  seen  on  the 
level—4  and  level  6  map  backgrounds  under  normal  office  lighting.  Easy 
viewing  of  the  symbols  against  the  standard  military  topographic  map 
required  a  reduction  in  the  ambient  light  to  the  30  foot-candle  condition. 
However,  white  and  yellow  symbols  displayed  against  the  topographic  map 
background  were  fully  legible  under  normal  office  lighting. 

2_  CRT.  The  symbology  was  easiiy  seen  on  the  level  4  and  level  6 
map  backgrounds  under  the  30  foot-candle  ambient  light  condition. 

Higher  light  levels  or  display  of  the  standard  military  topographic  map 
made  viewing  uncomfortable. 

3  Photochromic.  The  symbology  was  easily  seen  on  all  three  map 
backgrounds  (level  4,  level  6,  and  the  standard  miiitarv  topographic 
map)  under  normal  office  lighting. 

(5)  Evaluafion  for  requirement  number  5. 

(a)  Requirement  b.  The  symbol  size  should  be  variable.  However, 
the  device  must  be  designed  with  one  optimum  symbol  size  in  mine.  The 
selected  size  should  be  independent  of  the  size  selected  for  the  console. 
However,  when  a  display  is  initially  transferred  to  the  group  display, 
the  operator  should  have  the  option  of  allowing  it  to  appear  in  a  size 
proportioned  to  the  size  selected  on  the  console. 


'd  & 

Sr 
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(b)  Performance. 


Scribe 

CRT 

Photochromic 

Met 

No 

No 

(c)  Discussion. 

£  Scribe.  The  system  allowed  for  eight  discrete  symbol  sizes. 

The  symbol  size  of  the  entire  display  was  changed  and  the  apparent 
locations  of  the  symbols  remained  the  same. 

2_  CRT.  Two  discrete  sizes  of  alphanumeric  and  military  unit 
symbols  were  available.  However,  size  change  could  be  effected  for 
individual  symbols  only.  Changing  the  size  of  the  entire  display 
required  the  operator  to  change  the  size  of  every  symbol  in  the  display. 

3  Photochromic.  Only  one  symbol  size  was  available. 

(6)  Evaluation  for  requirement  number  6. 

(a)  Requirement  6.  The  display  area  must  be  large  enough  to  dis¬ 
play  a  tacti-a!  situation  (maximum  of  75  military  unit  symbols  for  a 
division)  with  a  minimum  amount  of  symbol  clutter,  but  it  must  not  be  so 
large  that  it  causes  the  audience  undue  eyestrain  or  head  movement.  The 
group  display  must  be  of  sufficient  size  to  comprehensibly  present  a 
tactical  situation  display  to  an  audience  of  at  least  20  people. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

Met 

Met 

Met 

(c)  Discussion. 

J_  Scribe.  The  size  of  +he  group  display  was  satisfactory. 

2  CRT.  The  size  of  the  group  display,  although  rated  as  meeting 
the  requirement,  was  marginal  for  the  symbol  size  used.  The  display  was 
rated  incomprehensible  when  the  total  number  of  military  unit  symbols 
exceeded  50.  When  placed  as  close  as  possible,  with  no  overlap,  72 
friendly  or  66  enemy  military  unit  symbols  completely  filled  tne  screen. 
This  screen  symbol  capacity  met  p layer  requirements  during  the  CPX  as 
the  maximum  number  of  symbols  used  during  the  CPX  was  36. 

_3  Photochromic.  The  size  of  the  group  display  was  satisfactory. 
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(7)  Evaluation  for  requirement  number  7, 

(a)  Requirement  7.  The  displayed  symboiogy  must  not  have  any 
discernible  flicker. 


(b)  Performance. 


Scribe 

CRT 

Photochromic 

Met 

No 

Met 

(c)  Discussion. 

J_  Scribe.  There  was  no  discernible  flicker. 

2_  CRT.  Many  observers  complained  about  eyestrain  after  watching 
the  group  display  for  short  periods.  This  was  due  to  a  discernible 
flicker  which  became  more  pronounced  as  the  number  of  dynamic  symbols 
increased.  A  separate  refresh  buffer  (one  not  shared  with  the  console) 
could  have  minimized  the  flicker. 

2  Photochromic.  The  dynamic  symbology  did  not  appear  to  flicker. 
However,  the  background  did.  This  was  caused  by  the  xenon  projection 
lamp.  The  flexible  screen  added  to  the  problem  when  air  currents  caused 
it  to  move.  The  background  movement  and  projection  lamp  flicker  are  not 
desirable.  However  the  display  observers  did  not  complain. 

(8)  Evaluation  for  requirement  number  8. 

(a)  Requirement  8.  The  brightness  of  each  dynamic  symbology  color 
and  of  each  map  feature  color  should  be  under  user  control.  The  user 
must,  as  a  minimum,  be  able  to  vary  the  overall  brightness  of  the  dynamic 
symbology  and  the  overall  brightness  of  the  map  background. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

Met 

No 

No 

(c)  Oiscussion. 

J_  Scribe.  Dynamic  symbology  colors  and  the  overall  background 
brightness  were  individually  controlled  by  adjusting  the  projection  lens 
aperture  settings.  This  was  done  manually  at  each  projector. 

2_  CRT.  Overall  dynamic  symboiogy  brightness  was  controlled  by 
adjusting  a  brightness  knob  on  each  projector.  The  background  bright¬ 
ness  control  (a  high- low  intensity  switch)  did  not  meet  the  intent  of 
fhis  requiremeni. 
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3_  Photochromlc.  The  brightness  of  the  overall  display  was  adjusted 
by  a  projection  lamp  brightness  control.  This  affected  the  brightness 
of  bofh  the  background  and  the  dynamic  symbology. 

(9)  Evaluation  for  requirement  number  9. 

(a)  Requirement  9.  Data  items  superimposed  against  a  map  back¬ 
ground  on  the  group  display  output  device  must  appear  to  be  no  more  than 
100  meters  from  the  specified  map  location.  This  100-meter  limit  applies 
for  any  method  of  data  item  location:  keyboard  coordinate  entry,  coor¬ 
dinates  transmitted  from  an  outside  ADP  source,  points  transmitted  from 
the  map  overlay  Input  device,  or  direct  entry  by  pointing  to  the  location 
on  the  console  display.  The  lirni*-  applies  regardless  of  the  size  of  the 
area  of  coverage  being  viewed. 

(b)  Performance. 


Scribe 


Photochromic 


(c)  Discussion.  None  of  the  group  displays  demonstrated  the 
ability  to  display  data  items  consistently  within  100  meters  of  their 
specified  map  location.  Average  symbol  placement  inaccuracies  for  the 
various  methods  of  data  item  location  are  shown  in  figure  2-7.  Detailed 
data  is  contained  in  part  three,  sections  V,  XVII,  and  XX. 


Method  of  input 


Scribe 


Photochromic 


DtV'TOS 

179 

142 

NA 

Overlay  inpuf  device 

Data  manipulation 

1 19 

1  10 

NA  Data 

Keyboard,  add 

212 

176 

87 

Keyboard ,  move 

215 

174 

84 

Joystick,  add 

737* 

NA 

41?* 

Joystick,  move 

886* 

NA 

427* 

Trackball,  add 

NA 

264* 

NA 

Trackball,  move 

NA 

337* 

NA 

Light  pen,  add 

NA 

546* 

NA 

Light  pen,  move 

NA 

268* 

NA 

*The  symbols  were  located  by  using  the  console  background  as  a  reference 
before  their  subsequent  transfer  to  the  qroup  display.  The  nonsynchron¬ 
ization  of  the  console  and  group  display  backgrounds  was  the  primary 
cause  of  the  large  placement  Inaccuracy. 


Figure  2-7.  Group  display  symbol  average 
placement  inaccuracy  (meters). 
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(10)  Evaluation  for  requirement  number  10. 

(a)  Requirement  10.  Data  items  are  located  either  with  single 
points  (e.g.,  a  military  unit  or  a  coordinating  poinT)  or  with  multiple 
points  (e.g.,  a  unit  boundary  or  a  trench  line).  Data  items  located 
with  single  points  must  be  completely  displayed  if  the  point  is  inside 
the  selected  area  of  coverage.  If  any  part  of  a  multiple  point  data 
item  is  in  the  selected  area  of  coverage,  that  part  within  the  area  of 
coverage  must  be  displayed.  The  part  to  be  displayed  must  include  all 
points  of  the  data  item  up  to  and  including  those  at  the  intersection  of 
the  item  with  an  edge  (or  edges)  of  the  map  background. 

(b)  Performance. 


Scr i be 


Photochromic 


(c)  Discussion. 

I  Scribe.  Only  the  portions  of  a  symbo'  located  with  a  single 
location  point  that  were  within  the  selected  map  area  of  coverage  were 
displayed.  Multiple  location  point  symbols  (such  as  lines)  which  had 
one  or  more  locating  points  outside  the  area  of  coverage  were  not  dis¬ 
played. 

2_  CRT.  A  symbol  with  a  single  location  point  was  displayed  only 
if  all  portions  of  hhe  symbol  were  within  the  selected  map  area  of 
coverage.  Multiple  location  point  symbols  (such  as  lines)  which  had  one 
or  more  locating  points  outside  the  area  of  coverage  were  not  displayed. 

(II)  Evaluation  for  requirement  number  II. 

(a)  Requirement  II.  The  group  display  output  device  should  be 
capable  of  displaying  map  backgrounds  for  the  three  uses  described 
below.  As  a  minimum,  the  device  must  be  capable  of  displaying  map 
backgrounds  for  the  first  use. 

i  Comprehension  of  the  overall  situation.  For  this  purpose  the 
user  Is  not  interested  in  being  able  to  read  all  detail  on  the  standard 
military  topographic  map,  but  hie  uses  the  map  to  provide  general  orien¬ 
tation  for  the  superimposed  symbology. 

2_  More  detailed  inspection  of  the  terrain  at  or  in  the  vicinity  of 
a  superimposed  symbol  or  symbols.  In  this  case  the  user  is  interested 

in  a  more  exact  relationship  of  the  symbols  to  the  terrain. 

3_  Terrain  analysis  without  superimposed  symbology,  for  example, 
when  selecting  the  best  terrain  upon  which  to  establish  a  defense  or 
when  planning  a  route  of  movement,  the  user  wants  to  view  the  map  back¬ 
ground  with  no  superimposed  dynamic  symbology. 
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(b)  Performance. 

Scribe  CRT  Photochromic 

Met  Met  Mel 


(c)  Discussion. 

1  Scribe.  The  qroup  display  had  the  potential  for  meetinq  all 
three~uses  described  in  (a)J^,  (a) 2,  and  (a)!3  above.  However,  the  map 
slides  agreed  upon  at  the  map  background  conference  (part  two,  chapter 
I,  section  II,  subparagraph  l-4f)  were  not  available  for  this  system 
even  though  considerable  effort  was  expended  In  trying  to  obtain  the 
required  backgrounds.  The  production  of  quality  color  map  Images  on  a 
glass  slide  was  a  difficult  and  costly  process. 

2  The  group  display  had  the  ability  to  meet  the  minimum  require¬ 
ment  Tor  display  of  backgrounds  for  the  comprehension  of  the  overall 
situation.  The  display  of  backgrounds  for  the  uses  described  in  (a)£ 
and  (a )3  above  was  unacceptable  because  of  their  legibility. 

3  Photochromic.  The  group  display  had  the  ability  to  meet  all 
three  map  display  purposes. 

(12)  Evaluation  for  requirement  number  12. 

(a)  Requirement  12.  Map  backgrounds  based  on  the  UTM  grid  system 
will  normally  be  displayed  on  the  group  display.  However,  the  group 
display  should  be  able  to  accomodate  other  military  grid  systems.  The 
UTM  grid  system  reguires  that  the  device  be  able  to  display  areas  of 
coverage  which  include  the  junction  of  two  or  more  map  sheets  and  the 
junction  of  twc  or  more  100,000-meter  grid  zones. 

(b)  Performance. 

Scribe  CRT  Photochromic 

Met  Met  Met 

(c)  Discussion.  The  map  backgrounds  displayed  on  all  three  group 
displays  used  the  UTM  grid  system.  The  maps  displayed  included  the 
junction  of  map  sheets  and  the  junction  of  100, 000-meter  grid  zones. 

(13)  Evaluation  for  requirement  number  13, 

(a)  Requirement  13,  The  group  display  must  provide  map  background 
coverage  for  an  area  no  less  than  50  kilometers  by  50  kHometers. 
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(b)  Performance. 


Scribe 


Photochromic 


(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
the  experimentation.  A  40-kilometer  by  40-kilometer  area  of  coverage 
was  agreed  upon  at  the  map  conference. 

J_  Scribe.  The  white-on-black  background  displays  that  were  pro¬ 
vided  with  the  group  display  had  the  40-kilometer  by  40-kilometer  area 
of  coverage  agreed  upon. 

2_  CRT.  Technical  limitations  01  the  photographic  equipment  at 
the  Defense  Mapping  Agency  limited  the  size  of  the  map  slides  to  a 
32-kilometer  by  32— k i lometer  area  of  coverage. 

3  Photochromic.  The  map  slides  provided  with  the  photochromic 
system  had  the  27-kilometer  by  36-kilometer  area  of  coverage  which  was 
specified  by  USAMC-ECOM. 

(14)  Evaluation  for  requirement  number  14. 

(a)  Requirement  14.  The  backgrounds  used  for  display  of  the 
oveAaLt  tactical  situation  must  be  identical  in  area  of  coverage  and 
level  of  detail  to  the  backgrounds  used  on  the  console  for  the  same 
purpose.  This  is  the  primary  background  type  required  for  the  group 
display. 

(b)  Performance. 


Scribe 


Photochromic 


(c)  Discussion.  Tne  console  and  group  display  backgrounds  pro¬ 
vided  with  the  CRT  and  photochromic.  systems  were  identical  in  all  respects, 

(15)  Evaluation  for  requirement  number  15. 

(a)  Requirement-  15.  The  map  backgrounds  which  are  used  to  present 
the  ov&wXX.  division  situation  must  bo  fully  legible  when  viewed  under 
the  ambient  light  requirement  for  dynamic  symbology  legibility  specified 
in  requirement  4  above.  Full  legibility  is  defined  as  the  ability  of 
every  individual  in  the  audience  to  easily  identify  every  item  of  map 
data  on  the  displayed  oackground. 


4  *> 
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(b)  Performance. 


Scribe 


Photochromic 


(c)  Discussion.  The  level  4  and  level  6  maps  meet  the  map  require¬ 
ment  for  the  comprehension  of  the  overall  tactical  situation  display. 

The  level  4  map  on  the  CRT  and  photochromic  group  displays  and  the 
level  6  maps  on  all  three  group  displays  were  fully  legible. 

(16)  Evaluation  for  requirement  number  16. 

(a)  Requirement  16.  In  addition  to  the  ov&wdLl  tactical  situation 
display  background  requirement,  if  the  display  technique  permits,  the 
ability  to  display  a  map  background  with  a  degree  of  detail  equal  to  the 
standard  military  1:50,000  topographic  map  and  with  an  area  u  coverage 
no  less  than  50  kilometers  by  50  kilometers  is  desirable.  The  legibility 
of  map  detail  on  this  background  should  be  no  less  than  that  of  the 
standard  topographic  map. 

(b)  Performance. 


Scribe 


Photochromic 


(c)  Discussion.  The  standard  military  topographic  maps  provided 
for  the  group  displays  had  less  than  a  50-kilometer  by  50-ki!ometer  area 
of  coverage.  However,  all  map  detail  on  these  maps  was  fully  legible  at 
the  face  of  the  screen  for  the  scribe  and  photochromic  group  displays. 

(17)  Evaluation  for  requirement  number  17. 

(a)  Requirement  17.  The  display  of  blowups  which  are  identical  to 
those  used  on  the  console  is  desirable. 

(b)  Performance. 


Scribe 


Photochromic 


(c)  Discussion.  Backgrounds  were  not  provided  for  this  purpose. 
The  map  conference  focused  on  map  requirements  for  the  display  of  overal 
tactical  situation.  However,  both  the  scribe  and  CRT  systems  could 
scale  the  display  of  the  dynamic  symbology  to  match  any  map  background 
magnification. 
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(18)  Evaluation  for  requirement  number  18. 

(a)  Requirement  18.  All  displays  on  the  consoles  should  be  dis- 
playable  on  the  group  display.  As  a  minimum,  displays  of  the  oviKatl 
tactical  situation  on  the  console  must  be  displayable  on  the  group 


display. 

(b)  Performance. 

Scribe 

CRT 

Photochromic 

Met 

Met 

Met 

(c)  Discussion.  The  three  systems  were  able  to  display  any  con¬ 
sole  scene  on  their  group  display  output  devices. 

(19)  Evaluation  for  requirement'  number  19. 

(a)  Requirement  19.  Display  scenes  on  the  group  display  output 
device  must  be  displayed  independent  of  display  scenes  on  the  console. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

Met 

Met 

Met 

(c)  Discussion.  The  three  systems  had  this  ability. 

(20)  Evaluation  for  requirement  number  20. 

(a)  Requirement  20.  Displays  from  the  interactive  qraphic  display 
console  are  transferred  to  the  group  display  by  pressing  the  GROUP 
DISPLAY  pushbutton  on  the  console.  This  action  causes  both  the  map 
background  and  the  selected  dynamic  symbology  to  be  displayed  on  the 
large  screen.  Once  the  transfer  has  been  initiated,  the  display  must 
appear  on  the  large  screen  within  15  seconds.  The  capability  to  have 
The  display  appear  within  5  seconds  is  highly  desirable. 

(b)  Performance. 

Scribe  CRT  Photochromlc 
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(c>  Discussion. 
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J_  Scribe.  The  transfer  of  a  complete  tactical  situation  display 
took  from  4  to  6  minutes  depending  upon  the  number  of  symbols  in  the 
display.  This  time  could  have  been  cut  in  half  if  the  scribing  projec¬ 
tors  had  been  able  to  work  simultaneously. 

2  CRT.  The  transfer  of  a  complete  tactical  situation  display  took 
less  Than  five  seconds. 

3  Photochromic.  The  transfer  of  a  complete  tactical  situation 
display  took  from  I  to  6  minutes.  The  time  was  dependent  upon  how  many 
symbols  were  in  the  display  and  how  many  refreshes  were  required  to 
darken  the  dynamic  symbology  to  the  point  where  it  was  legible.  The 
number  of  refreshes  required  was  variable  between  2  and  10.  If  the 
photochromic  film  had  been  darkened  sufficiently  with  only  one  refresh, 
transfer  of  a  complete  display  would  have  been  accomplished  in  less  than 
40  seconds. 

(21)  Evaluation  for  requirement  number  21. 

(a)  Requirement  21.  If  discrete  map  backgrounds  are  used,  a  means 
is  required  for  their  registration.  Registration  must  require  the 
operator  to  only  point  at  and  input  the  UTM  coordinates  of  any  two  grid 
intersections  diagonally  located  in  relation  to  each  other.  The  back¬ 
ground  must  not  have  to  be  exactly  horizontal,  vertical,  or  centered. 
Once  registered,  the  background  must  be  available  for  display  without 
re-registration  each  time  it  is  retrieved. 

(b)  Performance. 

Scribe  CRT  Photochromic 

No  No  No 


(c)  Discussion. 

I  General.  The  designers  of  the  three  systems  assumed  that  the 
map  background  slides  (film  chips)  would  be  exactly  the  same  size  and 
that  they  would  be  positioned  in  the  slide  holder  exactly  the  same  way. 
They  further  assumed  that  the  slides  would  be  exactly  horizontal  and 
vertical  in  the  holder.  These  assumptions,  while  good  for  the  conven¬ 
ience  of  the  system  software  designer,  imposed  an  unrealistic  require¬ 
ment  which  could  not  be  met  by  the  Defense  Mapping  Agency.  The  slides 
prepared  by  the  Defense  Mapping  Agency  were  not  positioned  identically 
in  the  slide  holders.  Therefore,  display  of  a  new  map  background  required 
realignment  of  the  electronic  image  to  match  the  map  background  each 
time  a  different  map  was  displayed.  This  was  an  unnecessary  burden  on 
the  user  and  defeated  the  purpose  for  having  quickly  accessible  back¬ 
grounds. 
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2_  Scribe.  The  system  required  the  map  image  to  be  square  in  addi¬ 
tion  to  the  above  constraints.  Also,  three  people  were  required  to 
register  a  map.  Once  a  map  was  registered,  it  did  not  require  re-regis¬ 
tration.  The  system  allowed  the  user  to  define  16  different  displays. 
These  displays  could  all  be  defined  for  one  map  background  area  of 
coverage,  or  a  different  background  area  of  coverage  could  be  defined 
for  each  of  the  16  displays.  A  display  was  composed  of  specific  data 
Item  types  on  a  particular  background  slide. 

3  CRT.  The  system  did  not  allow  for  user  registration  of  map 
backgrounds.  The  system  programer  could  register  a  new  map  area  by 
means  of  a  software  patch,  but  the  normal  means  was  to  Input  the  map 
registration  data  to  a  computer  at  the  General  Dynamics  Laboratory  in 
San  Diego,  California.  The  computer  computed  the  registration  data 
which  was  then  input  to  the  display  system.  All  maps  displayed  by  the 
system  were  part  of  a  "big  window.”  ,‘he  big  window  was  a  square  area 
which  encompassed  all  of  the  maps  to  be  displayed  by  the  system.  If  a 
map  to  be  regis+ered  was  not  within  the  big  window,  the  area  of  the  big 
window  required  enlargement.  A  map  in  the  big  window  was  identified  by 
a  number.  The  lower  lef+  corner  of  the  maps  in  the  big  window  were 
identified  by  an  X  anc'  c ,  fset  from  the  lower  left  ccrner  of  the  big 
window.  All  UTM  coordinates  of  the  map  were  converted  to  big  window 
coordinates.  Conversion  was  based  on  the  X-Y  offset,  the  scale  of  the 
map,  and  the  area  of  coverage  of  the  map.  The  area  of  coverage  was 
assumed  to  be  square.  A  map,  once  registered,  did  not  need  to  oe  re¬ 
registered  when  retrieved.  However,  the  map  images,  when  retrieved,  had 
to  be  exactly  horizontal,  vertical,  centered,  and  to  scale.  This  is  an 
unrealistic  requirement. 

4  Photochromic.  The  system  designer  assumed  that  the  map  chip  was 
positioned  in  the  slide  a  specific  way.  The  registration  of  a  displayed 
map  area  required  the  operator  to  enter  data  which  matched  the  map  image 
area  on  the  screen  with  the  displayed  map  image.  The  operator  typed  in 
the  coordinates  of  the  lower  left  corner  of  the  map  area  (with  a  corr¬ 
ection  factor  in  X  and  Y  to  account  for  the  fact  that  the  corner  was  not 
exactly  at  a  grid  line  intersection).  The  coordinates  included  the  area 
of  the  world  (e.g.,  |4R),  the  100,000-meter  grid  zone  designator  (e.g., 
PL),  and  eight  digits.  The  operator  then  typed  the  map  scale  and  four 
adjacent  100,000-meter  grid  zone  designators.  The  grid  zone  designators 
were  the  designator  previously  entered  as  a  part  of  the  lower  left 
coordinate  and  the  grid  zone  designators  to  the  north,  east,  and  north¬ 
east.  When  map  background  areas  were  changed,  the  new  map  area  required 
re-registering  even  though  it  may  have  been  previously  retrieved  and 
reg i stered . 

(22)  Evaluation  for  requirement  number  22. 

(a)  Requirement  22. 


I  A  number  of  control  switches  or  Knobs  are  required  on  the  group 
display  output  device.  The  controls  must  be  located  near  the  face  of 
the  screen,  for  easy  access  to  a  briefer  or  to  an  individual  performing 
vlewablllty  adjustments  to  suit  the  audience. 

2_  The  controls  listed  below  are  required.  Other  controls  may  be 
required  depending  upon  the  display  technique  used.  For  example,  indi¬ 
vidual  dynamic  symbology  and  map  background  focus  knobs  may  be  necessary. 

a^  Dynamic  symbology  brightness  control  knob.  Turning  the  knob  one 
way  or  the  other  increases  or  decreases  the  omqAoXJL  brightness  of  dis¬ 
played  dynamic  symbology  within  the  range  from  maximum  brightness  to  the 
dynamic  symbology  being  completely  faded  from  the  screen. 

b  Map  background  brightness  control  knob.  Turning  the  knob  one 
way  or  the  other  increases  or  decreases  the  oveAaZl  brightness  of  the 
displayed  map  background.  The  brightness  is  controllable  from  maximum 
brightness  to  the  map  background  being  completely  faded  from  the  screen. 

3  The  following  controls  are  desirable: 

a  Color  brightness  control  knob(s).  One  knob  is  provided  for  each 
color  of  dynamic  symbology.  The  knob  has  the  same  function  and  range  as 
the  dynamic  symbology  brightness  control  knob  except  that  it  controls 
the  brightness  of  an  individual  color. 

b^  Map  feature  brightness  control  knob(s).  These  controls  are 
necessary  if  the  ideal  map  background  display  is  practical.  One  knob  is 
required  for  each  color  used  to  identify  a  specific  map  feature  (e.g., 
roads,  vegetation,  rivers).  The  function  and  range  of  the  knob  is  the 
same  as  the  map  background  brightness  control  knob  except  that  it  con¬ 
trols  the  brightness  of  an  individual  map  feature  color. 

c  Symbol  size  control  knob.  Turning  the  knob  one  way  or  the  other 
varies  (within  a  specified  range)  the  size  of  all  data  items  except 
line-type  graphic  items,  circles,  and  ellipses.  When  the  control  is 
used,  all  parts  of  the  data  item  (e.g.,  the  rectangle,  the  branch  duty 
symbol,  the  left  identification,  the  right  identification,  and  the 
echelon)  are  either  enlarged  or  reduced  presort fonately.  Changing  the 
size  of  the  symbol  must  not  change  the  symbol’s  apparent  map  location. 

(b)  Performance. 


Scribe 


CRT 


Photochromic 


(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
the  experimentation. 

2-11.  Map  Overlay  Input  Device.  A  description  of  the  device  in  the 
scribe  and  C$Y  systems  which  performed  functions  corresponding  to  the 
requirements  stated  for  the  map  overlay  input  device  follows.  The 
photochromic  system  did  not  have  a  comparable  device. 

a.  Scribe  -  graphic  input  device..  A  +racking  head  was  suspended 
over  the  working  area  by  an  aluminum  tubular  support.  The  material  to 
be  traced,  which  could  be  up  to  28-inches  square,  was  placed  on  the 
table  below.  A  tracing  pencil  at  the  end  of  a  rod  which  was  attached  to 
the  track inq  head  was  moved  over  the  material  to  be  reproduced.  A 
carriage  in  the  head  was  moved  by  the  end  of  the  tracing  red,  and  its 
movement  caused  a  pair  of  potentiometers  to  be  rotated.  The  potentio¬ 
meters  were  mounted  orthogonally  to  each  other  and  were  excited  by  the 
system  reference  voltage.  The  outputs  of  the  unit  were  two  analog 
voltages  that  were  proportional  to  the  X  and  Y  position  of  the  tracinq 
pencil  point.  These  analog  signals  were  routed  to  the  control ler,  where 
they  were  digitized  and  sent  to  the  display  processor  for  processing. 

The  processed  signals  were  used  to  control  one  of  the  group  display 
scribing  projectors. 

b.  CRT  -  map  table  device.  The  map  table  device  was  a  GRAF/PEN 
GP-2  that  was  manufactured  by  Science  Accessories  Corporation,  a  sub¬ 
sidiary  of  North  American  Phillips.  The  GRAF/PEN  system  consisted  of  a 
stylus,  a  tablet,  a  control  unit,  and  an  H-316  computer  interface.  The 
tablet  was  36  inches  square.  The  stylus  combined  a  ballpoint  pen  and  a 
tiny  spark  gap  to  generate  a  sound  pulse.  This  sound  pulse  was  received 
by  strip  sensors  along  two  perpendicular  sides  of  the  tablet  and  was 
converted  by  the  control  unit  to  a  12-bit  X  and  Y  coordinate.  The 
device  transmitted  a  coordinate  pair  each  time  the  stylus  touched  the 
table. 


c.  Evaluation. 

(I)  Evaluation  for  requirement  number  I. 

(a)  Requirement  I.  The  map  background  used  on  the  map  overlay 
input  device  must  be  registered  in  such  a  manner  that  a  data  item  entered 
as  a  series  of  points  from  either  the  overlay  or  tne  map  will,  if  dis¬ 
played  on  the  console  or  group  display,  have  the  points  displayed  no 
more  than  100  meters  from  the  points  entered  through  the  device. 

(b)  Performance. 


Scribe 


CRT 


Photochromic 
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(c)  Discussion. 

1  General.  Detailed  placement  inaccuracy  data  is  contained  in 
part  Three,  section  XVII. 

2  Scribe.  The  average  placement  inaccuracy  of  data  items  input  to 
the  group  display  was  119  meters.  The  worst  case  was  320  meters.  Data 
was  not  collected  for  the  console,  since  the  overlay  was  input  directly 
to  the  group  display  and  no  entry  was  made  into  the  data  base. 

3_  CRT.  The  average  placement  inaccuracy  of  data  items  input  to 
the  console  and  group  display  was  197  and  110  meters,  respectively.  The 
worst  case  for  these  devices  was  500  and  325  meters,  respectively. 

(2)  Evaluation  for  requirement  number  2. 

(a)  Requirement  2.  The  device  must  be  large  enough  to  accommodate 
the  map  area  of  coverage  for  the  majority  of  division  tactical  situations 
(i.e.,  no  less  than  50  kilometers  by  50  kilometers).  The  size  of  a 
50-ki IOmeter  by  50-kilometer  area  on  a  scale  of  1:50,000  (the  scale  of 
maps  most  widely  used  in  the  division)  is  I  meter  by  I  meter. 

(b)  Performance. 


Scribe 


Photochromic 


(c)  Discussion. 

1  General.  Neither  system’s  device  met  this  requirement.  However, 
the  techniques  used  had  the  potential  for  meeting  the  requirement. 

2  Scribe.  The  maximum  area  of  coverage  for  a  1:50,000  scale  map 
was  a~35.5-ki lometer  square  area. 

3  CRT.  The  maximum  area  of  coverage  for  a  I :50,000  scale  map  was 
a  45.7-ki lometer  square  area. 

(3)  Evaluation  for  requirement  number  3. 

(a)  Requirement  3.  The  registration  of  a  map  on  the  device  must 
only  require  an  operator  to  point  at  and  input  the  UTM  coordinates  of 
any  two  grid  intersections  diagonally  located  in  relation  to  each  other. 
The  map  must  not  have  to  be  exactly  horizontal,  vertical,  or  centered. 

(b)  Performance. 


Scribe 


Photochromic 
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(c)  Discussion. 

1  Scribe.  Registration  of  a  map  required  That  the  map  be  exactly 
horizontal,  vertical,  centered,  and  square.  It  also  required  the  oper¬ 
ator  to  point  at  and  input  the  coordinates  of  an  extreme  corner  point. 

2  CRT.  Registration  of  a  map  required  that  the  coordinate  of  its 
two  extreme  corner  points  be  input.  The  operator  did  not  have  the 
option  of  inputting  any  two  diagonally  located  poin+s.  The  map  had  to 
be  exactly  horizontal,  vertical,  and  square.  It  had  to  be  registered 
each  time  the  device  was  used. 

(4)  Evaluation  for  requirement  number  4. 

(a)  Requirement  4.  The  device  must  be  abie  to  accept  for  registra¬ 
tion  maps  which  use  the  UTM  grid  system.  Map  areas  to  be  registered  may 
include  the  junction  of  two  or  more  map  sheets,  and  the  junction  of  two 


or  more 

i 00,000-meter  grid  zones. 

(b) 

Performance. 

Scribe 

CRT 

Photochromic 

Met 

Met 

NA 

(c)  Discussion.  The  scribe  and  CRT  •  p  overlay  input  devices  met 
this  requirement. 

(5)  Evaluation  for  requirement  number  5. 

(a'  Requirement  5.  The  device  should  accept  maps  of  any  scale  but 
must,  as  a  minimum,  accept  maps  with  a  scale  of  1:25,000,  1:50,000, 

I  :  100,000,  and  1:250,000. 

(b)  Performance. 

Sc r i be  CRT  Photochromic 

Met  Met  NA 

(c)  Discussion.  The  scribe  and  CRT  map  overlay  input  devices  met 
this  requirement. 

(6)  Evaluation  for  requirement  number  5. 

(a)  Requirement  6. 

I  The  procedure  for  entry  of  freehand  graphic  data  should  be 
similar  to  the  procedure  listed  below: 
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a  On  the  console,  select  the  desired  area  of  coverage  for  monitor¬ 
ing  the  input.  (This  should  not  have  to  be  the  exact  area  registered  on 
the  i nput  device. ) 

b_  Press  the  OVERLAY  DEVICE  pushbutton  on  the  console.  This  acti¬ 
vates  the  map  overlay  input  device. 

c_  Press  the  desired  graphic  data  line  segment,  the  desired  data 

category,  and  the  desired  color  pushbuttons  on  the  console.  All  points 

input  from  the  overlay  device  are  displayed  and  connected  by  the  selected 
graphic  line  segment  in  the  selected  color.  The  desired  type  of  line 
segment,  the  data  category,  and  the  color  can  be  changed  at  any  time  by 
pressing  ihe  appropriate  line-type,  category,  and  color  pushbuttons. 

d_  If  tie  rnap  on  the  input  device  is  not  registered,  type  in  the 
grid  coordinates  of  tvo  diagonally  located  grid  intersections  and  point 
fo  the.'.e  noints  on  the  map.  This  step  should  not  have  to  be  performed 
again  unless  the  map  is  moved  or  a  new  map  is  positioned  on  the  device. 

e  Press  the  CREATE  i TEN1  pushbutton  on  the  input  device. 

f  Input  the  desired  dal  a  i+em  by  pointing  to  the  series  of  points 

defining  the  data  item  on  the  overlay.  As  each  succeeding  point  is 

selected,  the  resulting  cumulative  line  segment  should  appear  on  the 
console.  If  the  operator  is  not  satisfied  with  the  last  few  line  seg¬ 
ments,  he  should  be  able  to  delete  them  by  pressing  the  BACKTRACK  push¬ 
button.  If  the  operator  is  not  satisfied  with  the  entire  item,  he 
should  have  the  option  of  s farting  again  by  pressing  the  CREATE  ITEM 
pushbutton  again. 

g  Press  the  COMPLETE  pushbutton. 

h  Input  additional  items  by  repeating  e,  f,  and  g  above. 

1  After  all  entries  have  been  made,  the  device  Is  turned  off  by 

deactivating  the  OVERLAY  DEVICE  pushbutton  on  the  console. 

2  The  procedure  outlined  above  otn  also  be  u;  xl  for  the  input  of 

freehand  graphic  data  directly  from  a  map.  As  fi-  ...  the  device  is  con¬ 
cerned,  it  is  immaterial  whether  the  data  inpui  is  from  an  overlay  or 

directly  from  the  map  as  long  as  the  user  specifies  tne  category  under 

which  each  data  item  is  to  be  displayed, 

(b)  Performance. 
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(c)  Discussion. 

1  Scribe.  The  input  of  freehand  graphic  data  from  an  overlay  was 
direcT  to  either  of  the  scriDing  projectors.  The  scribing  stylus  was 
directly  controlled  by  moving  the  tracing  pencil  on  the  input  device. 

The  data  entered  by  this  method  did  not  become  a  part  of  the  data  base 

and  therefore  was  not  displayed  on  the  console.  The  ability  to  enter 

data  items  into  the  data  base  as  a  series  of  points  connected  by  line 
segments  existed.  However,  the  input  of  overlays  by  this  method  was  not 
tested . 

2  CRT.  The  timeliness  and  ease  of  use  for  this  device  met  Ihe 

interiT  of  the  procedure.  However,  input  through  this  device  had  some 

limitations.  All  items  input  through  the  device  appeared  on  the  display 
as  a  solid  iine  in  a  single  category  and  were  displayed  in  only  one 
color.  These  items  could  be  modified  at  the  console  but  this  required  a 
great  deal  of  operator  interact- ion. 

(7)  Evaluation  for  requirement  number  7. 

(a)  Requirement  7.  A  distance  measurement  capability  is  desirable. 
The  measured  distances  must  be  within  5  percent  of  the  actual  distance. 
The  procedure  should  be  similar  to  the  procedure  listed  below: 

1  Press  the  OVERLAY  DEVICE  pushbutton  on  the  console. 

2  If  the  map  on  the  Input  device  is  not  registered,  type  in  the 
coordTnates  of  two  diagonally  located  grid  intersections  and  point  to 
these  points. 

3  Press  the  DISTANCE  MEASUREMENT  pushbutton. 

4  Measure  the  desired  cumulative  distance  on  the  map  by  pointing 
to  the  start  point,  succeeding  points  of  inflection,  and  the  end  point. 

5  Press  the  COMPLETE  pushbutton.  This  causes  the  distance  meas¬ 
ured  to  appear  in  ">e+ers  on  the  console  screen. 

6  Measure  additional  distances  by  repeating  4  and  5  above. 


7  Turn  off  tf a  device  by  deactivating  the  OVERLAY  DEVICE  pushbutton. 


(b) 

Performance. 
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Photochromic 

No 

No 

NA 

(c) 

Discussion. 
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1  General.  Both  systems  met  the  timeliness  and  ease  of  use  Intent 
for  tfifis  requirement.  However,  the  Inaccuracy  of  the  systems  was  not 
acceptable.  Detailed  inaccuracy  figures  for  the  scribe  and  CRT  devices 
are  containedjn  part  three,  section  XIV. 

Q 

2  Scribe.  The  average  distance  measurement  inaccuracy  of  the 
device  was  7.6  percent  of  the  actual  distance. 

3  CRT.  The  average  distance  measurement  inaccuracy  of  the  device 
was  7.1  percent  of  the  actual  distance. 

(8)  Evaluation  for  requirement  number  8. 

(a)  Requirement  8.  Maintainability  of  the  device  should  be  such 
that  any  unscheduled  maintenance  action  does  not  exceed  30  minutes. 

(b)  Performance. 


Scribe 

CRT 

Pbotochromic 

NA 

NA 

NA 

(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
the  experimentation. 

2-12.  Map  Overlay  Output  Device.  A  description  of  the  device,  in  each 
of  the  Th ree  ca  nd 1 date  systems ,  wh i ch  performed  functions  correspond i ng 
to  the  requirements  stated  for  the  map  overlay  output  device  follows. 

a.  Scribe  -  hand  copy  nzpnoducen. 

(1)  The  hard  copy  reproducer  was  designed  to  accept  standard 
Vigicon  large  screen  display  plotting  or  reference  slides.  The  hard 
copy  (black  and  white)  was  a  composite  of  successive  entries  of  Vigicon 
slides.  irhe  composite  hard  copy  represented  a  Vigicon  scene  that  was 
displayed  on  the  large  screen  display  at  the  time  the  slides  were  in  the 
Vigicon  projectors. 

(2)  The  haro  copy  reproducer  was  a  modified  3M  Model  200  Filmac 
Recorder  Printer.  The  original  printer  was  designed  to  accept  3.c’-mi  Mi- 
meter  microfilm  and  to  make  a  single  18-  by  24- inch  hard  copy  reproduc¬ 
tion.  Mod i f ications  included  redesign  to  accept  a  Vigicon  slide  and 
addition  of  a  control  to  make  successive  reproduction  overprints  prior 
to  "rolling  out"  the  resultant  hard  copy.  The  reproductions  were  made 
on  opaque  paper. 

b,  CRT  -  hand  copy  ptottzn. 


(I)  The  hard  copy  plotter  was  a  California  Computer  Products 
(CALCOMP)  Model  502.  This  was  a  digital  incremental  flatbed  plotter 
that  had  a  maximum  ploitlng  size  of  34  inches  by  31  inches.  It  provided 
a  maximum  speed  of  3  inches  per  second  in  X  or  Y  and  4.2  inches  per 
second  diagonal ly. 
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(2)  The  plotter  could  produce  a  multicolor  display  by  stopping  the 
plot  and  changing  to  a  different  color  pen.  Copies  were  produced  without 
apparent  Interruption  of  other  system  functions. 

c.  Photochromic  -  hand  copy  HipiodacjiA.  The  hard  copy  reproducer 
user  a  laser  technique  similar  to  that  used  for  the  photochromic  film 
display  device.  The  dynamic  symbology  was  written  on  a  22- inch  by 
34.5-inch  sheet  of  photochromic  film  by  an  ultraviolet  laser  which  was 
deflected  with  special  high  speed  galvanometers.  The  film  was  then 
moved  to  a  developing  station  which  used  heat  to  fix  the  symbols  on  the 
film.  The  developed  film  was  the  copy.  The  symbols  were  black  and  were 
on  a  transparent  background.  Up  to  99  copies  of  the  same  display  could 
be  produced  sequentially. 

d.  Evaluation. 

(I)  Evaluation  for  requirement  number  I. 

(a)  Requirement  I.  The  map  overlay  output  device  must  be  able  to 
display  the  64-character  ASCII  set;  the  FM  21-30  symbols  listed  below; 
symbology  added  to  the  symbol  generator  by  the  user;  circles;  ellipses; 
and  freehand  graphics  such  as  symbols  for  boundaries  and  axis  of  advance. 
The  following  symbols  should  be  a  part  of  the  permanent  symbol  generator. 
FM  21-30  il'ustrates  each  symbol  and  provides  examples  of  the  use  of  ihe 
symbols. 


Military  Unit  Symbols 

HEADQUARTERS 
CENTER  OF  MASS 
TRAINS 

NOTE:  Military  unit  symbols  must  be  displayed  as  actual  or  proposed.  In 
addition,  they  must  denote  whether  the  represented  unit  is  a  task  force. 


Branch  Duty  Symbols 


AIRBORNE 

ARTILLERY 

AIRMOBILE 

ANTITANK 

FIELD  ARTILLERY 


ARMOR 

AVIATION 

CAVALRY 

CHEMICAL 

ENGINEER,  BRIDGE 


ENGINEER  AIR  DEFENSE 

INFANTRY 

MAINTENANCE 

PSYCHOLOGICAL  OPERATIONS 
SIGNAL 

TRANSPORTATION 


Graphic  Symbols 


OBSERVATION  POST 
COORDINATING  POINT 
MINE,  ANTITANK 
MINE,  ANTIPERSONNEL 
POL  POINT,  GROUND  (combat  service 
support  Installation) 


AMMUNITION  SUPPLY  POINT,  ALL 
TYPES  (combat  service  support 
instal I  at  ion) 

AID  STATION  (combat  service 
support  installation) 
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Line-Type  Graphic  Symbols 


SOLID  LINE 

TRENCH,  BASIC  SYMBOL 
WIRE,  CONCERTINA,  SINGLE 


DASHED  LINE 

TANK  OBSTACLE,  TYPE  UNSPECIFIED 
LINE  OF  CONTACT  (defensive  frontline 
trace) 


(b)  Performance. 


Scribe 


Photochromic 


(c)  Discussion.  The  list  of  symbols  which  the  scribe  and  the  CRT 
systems  were  capable  of  displaying  was  mutually  agreed  upon  by  MASSTER 
and  each  vendor.  The  list  of  symbols  did  not  include  all  of  the  symbols 
specified  by  this  requirement.  However,  the  scribe  and  the  CRT  systems 
were  able  to  display  the  symbols  agreed  upon.  The  photochromic  system 
was  able  to  display  the  symbols  specified  by  USAMC-ECOM.  All  three 
systems  would  have  had  the  required  symbols  in  their  symbol  library  if 
the  designers  had  been  given  the  above  list.  Therefore,  the  scribe  and 
photochromic  devices  were  rated  as  having  met  the  intent  of  the  require¬ 
ment.  However,  the  CRT  device  was  not  able  to  output  symbology  added  to 
the  symbol  generator  by  the  user. 

(d)  Data.  The  number  of  symbols  which  were  contained  in  each 
system’s  symbol  library  are  shown  in  figure  2-8  below. 


Symbo I 


Requ i red 


Scr i be 


Photochromic 


Alphanumeric  64*  64*  64*  64* 

Mi  I itary  unit 

Type  3  5  5  '  5 

Branch  duty  16  41  13  25 

I nd iv idua I 

graphic  7  16  7  6 

Line- type 

graphic  6  42  4 

*The  symbols  were  the  same  as  those  contained  in  the  64-character  ASCII  set. 
Figure  2-8.  Number  of  symbols  in  map  overlay  output  symbol  library. 


(2)  Evaluation  for  requirement  number  2. 

(a)  Requirement  2.  The  symbol  style  and  proportion  of  output  must 
match  that  used  on  I  he  interactive  graphic  display  console. 


(b)  Performance. 


Scr 1  be  CRT  Photochromic 

Met  No  Met 


<c )  Discussion. 


I  General.  The  scribe  and  photochromic  outputs  were  exact  copies 
of  the  console  displays. 


2  CRT.  The  military  unit  symbol  alphanumeric  designators  (e.g., 
identTf  i cat  ions  and  echelon)  were  a  disproportionate  distance  from  the 
flag  symbol.  Many  other  alphanumerics  were  not  located  as  they  should 
have  been. 


(3)  Evaluation  for  requirement  number  3. 

(a)  Requirement  3.  A  minimum  of  three  colors  is  desired.  Three 
colors  al iow  friendly,  enemy,  and  control  measure  symbols  to  be  color 
coded.  Four  to  six  colors  are  desirable.  Color  selection  must  be  based 
upon  obtaining  a  high  degree  of  contrast  in  relation  to  the  map  back¬ 
grounds  the  overlays  will  be  displayed  against. 


(b)  Performance. 
Scr i be 

No 

(c)  Discussion. 


CRT 

Met 


Photochromic 


No 


1  Scribe.  The  symbols  were  black  on  an  opaque  white  background. 
Shape  coding  was  used  to  distinguish  between  enemy  and  friendly  military 
unit  symbols. 

2  CRT.  The  device  had  a  number  of  different  colored  pens.  The 
operator  had  the  option  of  producing  overlays  in  any  two  colors  since 
the  device  paused  after  plotting  the  f'  ter.dly  data  items.  At  this 
point,  the  operator  could  exchange  pens  before  plotting  the  enemy  data 
items.  The  system  could  have  easily  been  programed  to  pause  at  the  end 
of  each  data  category.  Therefore,  the  device  is  rated  as  having  met 
this  requirement. 

3  Photochromic.  The  symbols  were  black  on  a  transparent  back¬ 
ground.  Shape  coding  was  used  to  distinguish  between  enemy  and  friendly 
military  unit  symbols. 

(4)  Evaluation  for  requirement  number  4. 


U 


n 

w 
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(a)  Requirement  4.  The  overlay  must  be  capable  of  being  output  on 
transparent  material.  This  is  not  Intended  to  preclude  output  on  other 
material  such  as  paper. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

No 

Met 

Met 

(c)  Discussion. 

J_  Scribe.  The  output  was  on  opaque  paper. 

2_  CRT.  The  output  could  be  drawn  on  either  transparent  material 
or  paper. 

3  Photochromic.  The  output  was  on  tinted  transparent  material. 
(5)  Evaluation  for  requirement  number  5. 

(a)  Requirement  5.  The  symbology  when  shown  against  a  standard 
military  topographic  paper  map  must  be  fully  legible  in  as  little  as 


30  foot-candles  of  ambient  light. 

(b)  Performance. 

Scribe 

CRT 

Photochromic 

No 

No 

No 

(c)  Discussion. 

i_  Scribe.  The  output  was  on  opaque  paper;  therefore,  it  could  not 
be  shown  against  a  paper  map  background. 

2  CRT.  The  output  was  not  fully  legible  primarily  because  the 
alphanumerlcs  were  too  small  and  had  little  spacing  between  adjacent 
characters.  The  contrast  of  red  symbols  with  the  background  was  poor 
since  they  were  translucent.  Opaque  inks  should  be  used  for  transparent 
overlays. 

3^  Photochromic.  The  boundaries,  declutter  lines  alphanumerlcs, 
and  friendly  military  unit  symbols  were  not  dark  enough.  The  enemy 
military  unit  symbols  were  dark  enough;  however,  they  did  not  appear 
sharp  and  clear  due  to  "blooming." 

(6)  Evaluation  for  requirement  number  6. 


4  * 


(a)  Requirement  6.  One  symbol  size  is  all  that  is  required.  The 
size  should  be  selected  so  that  the  symbols  are  fully  legible  to  the 
individuals  working  with  a  map  board  under  30  foot-candles  of  light. 
However,  the  symbols  must  be  small  enough  to  present  a  tactical  sit¬ 
uation  display  that  is  not  unduly  cluttered. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

NA 

No 

Met 

(c)  Discussion. 

I  Scribe.  The  intent  of  this  requirement  is  that  the  symbols  be 
large~enough  to  be  legible  against  a  paper  map  background.  The  overlay 
was  on  opaque  paper  and  was  not  to  scale. 

£  CRT.  The  a  I phanumerics  were  loo  small  and  had  little  spacing 
between  adjacent  characters. 

3  Photochromic.  The  symbol  size  was  satisfactory. 

(7)  Evaluation  for  requirement  number  7. 

(a)  Requirement  7.  The  overlays  produced  by  the  map  overlay  out¬ 
put  device  will  be  used  with  standard  military  paper  maps.  The  data 
items  on  the  overlay,  when  placed  over  the  maps,  must  be  no  more  than 
100  meters  from  the  symbol  locations  used  in  inputting  the  overlay  to 
the  display  system. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

NA 

No 

No 

(c)  Discussion. 

1  General.  Detailed  data  on  data  item  placement  accuracy  is  con¬ 
tained  in  part  three,  section  XX, 

2  Scribe.  The  scale  of  the  output  was  not  standard  (i.e.,  1:25,000, 
I :50,000,  1:100,000,  and  1:250,000). 

3  CRT.  The  average  placement  inaccuracy  was  302  meters  against  a 
I : 50,^00  scale  map. 

Photochromic.  The  average  placement  inaccuracy  was  118  meters 
against  a  1:50,000  scale  map. 
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(8)  Evaluation  for  requirement  number  8. 

(a)  Requirement  8.  Every  data  item  on  a  display  scene  selected 
tor  output  as  an  overlay  must  be  present  on  the  hard  copy  produced  by 
the  device. 

(b)  Performance. 


Scr i be 


Photochromic 


(c)  Discussion. 


£  Scribe.  Symbols  near  the  top  edge  were  not  completely  displayed 
because  they  were  output  on  the  edge  of  the  paper. 


puts. 


£  CRT.  A  few  alphanumeric  characters  were  missing  on  several  out- 


3  Photochromic.  The  device  met  this  requirement. 

(9)  Evaluation  for  requirement  number  9. 

(a)  Requirement  9.  The  map  overlay  output  device  copy  size  must 
be  at  least  I  meter  by  I  meter. 

(b)  Performance. 


Scribe 


Photochromic 


(c)  Discussion. 


Scribe.  The  intent  of  this  requirement  is  that  a  1:50,000  scale 
overlay  output  by  this  device  have  at  least  a  50-kilometer  by  50-kilo¬ 
meter  area  of  coverage.  The  scribe  output  was  not  to  scale. 

£  CRT.  The  device  could  output  a  39-kilometer  by  43-kilometer 
(78  c  m  by  86  c  rn)  1:50,000  scale  overlay.  However,  32  kilometer  by 
32  kilometer  1:50,000  scale  overlays  were  generally  output  because  of 
the  console  and  group  display  map  areas  of  coverage. 

3  Photochromic.  The  device  was  able  to  output  a  27  kilometer  by 
36  kiTometer  1:50,000  scale  overlay. 


(10)  Evaluation  for  requirement  number  10. 


(a)  Requirement  10.  The  device  should  have  the  ability  to  provide 
copy  to  any  scale  desired.  As  a  minimum,  the  operator  must  be  able  To 
specify  scales  of  1:25,000,  1:50,000,  1:100,000,  and  1:250,000. 


(b) 

Performance. 

Scribe 

CRT 

Photochromic 

No 

Met 

Met 

(c) 

Discussion. 

Scribe.  The  scale  of  the  output 

was  nonstandard. 

(11) 

Evaluation 

for 

requ i rement  number  1 1 . 

(a) 

Requ i rement 

II. 

All  tactical  display  scenes  on  the  interactive 

graphic  display  console  should  be  reproducible  in  multiple  copy  on  the 
map  overlay  output  device. 


(b)  Performance. 


Scribe 

CRT 

Photochromic 

Met 

Met 

Met 

(c)  Discussion.  The  three  devices  were  able  to  produce  more  than 
one  copy.  However,  the  multiple  copy  ability  of  the  devices  was  marqinal 
as  is  discussed  in  requirement  12  below. 

(12)  Evaluation  for  requirement  number  12. 

(a)  Requirement  12.  The  procedure  for  producing  hard  copy  on  this 
device  is  similar  to  the  procedure  used  for  outputting  a  scene  to  the 
group  display  device.  The  scene  must  first  be  displayed  on  an  inter¬ 
active  graphic  display  console.  The  PRODUCE  OVERLAY  pushbutton  on  the 
console  is  then  pressed.  After  t'pinq  the  desired  number  of  copies,  the 
console  should  be  free  to  return  to  other  display  functions. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

No 

No 

No 

(c)  Discussion. 

I  Scribe.  Graphic  display  console  scenes  were  not  directly  repro¬ 
ducible  on  the  output  device.  The  scenes  were  first  scribed  on  the 
group  display  projector  slides.  These  slides  were  then  used  to  make  the 
hard  copy.  Multiple  copies  could  be  made;  however,  their  production  was 
not  automatic. 
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2  CRT.  Any  scene  on  the  console  was  directly  reproducible  cn  the 
outpuT  device  without  tyinci  up  the  console.  However,  multiple  copy 
reproduction  was  not  automatic.  Multiple  copy  reproduction  required  the 
(^display  of  the  scene  on  the  cr»scie  for  each  copy. 

3  Photochromic.  Graphic  console  display  scenes  were  not  directly 
reproducible  on  the  output  device.  The  scenes  were  first  transferred  +■ 
tne  group  display.  Up  to  99  copies  of  the  same  display  could  be  produced 
automatically  one  after  the  other.  However,  the  system  was  not  able  to 
do  anything  else  wnile  these  copies  were  being  made, 

(I71)  Evaluation  for  requirement  number  13. 

(a)  Requirement  13.  The  time  to  produce  one  copy  must  not  exceed 
l>  minutes.  However,  a  time  of  i  to  2  minutes  per  copy  is  extremely 
desirable. 

(b)  Performance. 


.cribe 

CRT 

Photochromic 

No 

Exceedoo 

(c)  Discussion. 

i  Scribe.  The  maximum  time  required  to  produce  one  overlay  on  the 
device  was  approximately  3  minutes.  The  averaqe  time  was  slightly  less 
than  3  minutes. 

£  CRT.  The  maximum  time  required  ro  produce  one  overlay  on  the 
device  was  approximately  31  minutes.  The  averaqe  time  was  28  minutes. 

i  Photochromic.  The  maximum  time  required  to  produce  one  overlay 
'n  the  device  was  48  seconds.  The  average  time  was  45  seconds. 

(14)  Evaluation  for  requirement  number  14. 

(a)  Requirement  14.  The  map  overlay  output  device  should  be 
capable  of  remote  operation. 

(b)  Performance. 


Scr  i  b<; 

CRT 

Phorochromir 

NA 

NA 

NA 

(c)  Discussion.  This  requirement  was  identified  as  a  result  of 
the  experimentation. 
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(15)  Evaluation  for  requirement  number  15. 

(a)  Requirement  15.  Maintainability  of  the  device  should  be  such 
that  any  unscheduled  maintenance  action  does  not  exceed  30  minutes. 

(b)  Performance. 

Scribe  CRT  Photochromic 

NA  NA  NA 

(c)  Discussion.  Tnis  requirement  was  identified  as  a  result  of 
the  experimentation. 

2-13.  Printer.  A  description  of  the  device  in  the  scribe  and  CRT 
systems  which  performed  functions  corresponding  to  the  requirements 
stated  for  the  printer  follows.  The  photochromic  system  did  not  have  a 
comparable  device. 

a.  Scribe  -  mexUum  &pte.d  pfuiiteA.  The  printer  was  a  Potter  Model 
IP  3300  impact  printer  which  was  capable  of  printing  200  lines  per 
minute  at  132  characters  per  line.  The  output  was  on  perforated  14  7/8- 
inch  by  1 1 -inch  sheets  of  paper  that  had  a  capacity  for  66  lines  of 
print. 

b.  CRT  -  mexUuun  &po.td  pfujnte/i.  The  printer  was  a  Versatec  Model 
IP-1150  electrostatic  printer  which  was  capable  of  printing  500  lines 
per  minute  at  132  characters  per  line.  The  output  was  on  perforated  8 
1/2- inch  by  ll-inch  sheets  of  paper  that  had  a  capacity  for  54  lines  of 
print. 


c.  Evaluation. 

(I)  Evaluation  for  requirement  number  I. 

(a)  Requirement  I.  The  characters  in  the  64-character  ASCII  set 
are  required  for  output  by  the  printer.  The  size,  style,  and  proportion 
of  the  characters  must  be  fully  legible  to  the  user  when  they  are  viewed 
as  lines  of  print  in  as  little  as  30  foot-candles  of  ambient  light. 

(b)  Performance. 


Scribe 

CRT 

Photochromic 

Met 

Met 

NA 

(c)  Discussion. 

J_  Scribe.  The  scribe  printer  met  this  requirement. 
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2  CRT.  The  CRT  printer  marqinally  met  this  requirement.  Occasion¬ 
ally  The  print  was  faded  and  difficult  to  read.  This  was  especially  so 


whenever 
period  of 

the  lines  of  print  were  left  in  the  print  area  for 
time  (e.q.,  5  to  10  minutes). 

a  short 

(2) 

Evaluation  for  requirement  number  2. 

(a) 

Requirement  2.  The  print  area  must  be  visible  to 

the  user. 

(b) 

Performance. 

Scribe 

CRT 

Photochromir 

No 

No 

NA 

(c) 

Discussion. 

1  Scribe.  Lines  of  print  were  not  visible  immediately  after  they 
were  printed.  Several  more  lines  had  to  be  printed  or  the  page  advanced 
before  a  particular  line  was  visible. 

2  CRT.  The  page  had  to  be  advanced  for  a  line  of  new 
data  To  be  seen-. 

|y  received 

(3) 

Evaluation  for  requirement  number  3. 

(a) 

standard 

Requirement  3.  The  size  of  printer  output  copy  should  be  the 

8  inches  by  10  i/2  Inches. 

(b) 

Performance. 

Scribe 

CRT 

Photochromir 

No 

No 

NA 

(c) 

Discussion. 

I  Scribe.  The  size  of  the  output  was  14  7/8  inches  by  II  inches. 

2_  CRT.  The  size  of  the  output  was  8  1/2  inches  by  II  inches. 

(4)  Evaluation  for  requirement  number  4. 

(a)  Requi remen!  4.  Receipt  of  data  from  an  outside  ADP  source 
must  be  automatic.  When  the  printer  is  activated,  an  audible  alert 
(adjustable  by  the  operator  down  to  zero  volume)  must  indicate  to  the 
operator  that  output  is  being  printed. 


4> 
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(b)  Performance. 


Scribe 

CRT 

Photochromic 

Met 

No 

NA 

(c)  Discussion. 

J_  Scribe.  The  printer  did  not  have  an  adjustable  audible  alert. 
However,  it  marginally  met  the  intent  of  the  requirement  since  the  noise 
made  by  the  impact  hammers  was  sufficient  to  alert  the  operator. 

<2  CRT.  The  printer  did  not  have  an  audible  alert.  The  electro¬ 
static  print  process  that  was  used  could  not  be  heard  by  the  console 
operator. 

(5)  Evaluation  for  requirement  number  5. 

(a)  Requirement  5.  Oulput  of  alphanumeric  data  from  the  system's 
data  base  should  only  require  th'  display  of  the  desired  categories  and 
pressing  of  the  PRINTER  pushbutton.  The  pushbutton  should  remain  lit 
until  the  output  is  produced;  then  it  should  automatically  turn  off. 

(b)  Perforr jnce. 


Scribe 

CRT 

Photochromic 

NA 

NA 

NA 

(c)  Discussion.  Tnis  requirement  was 
the  experimentation. 

identified  as  a  result  of 

(6) 

Evaluation  for  requirement  number 

6. 

(a) 

full  page 

Requirement  6.  The  printer  must  be  capable  of  outputting  a 
of  single-spaced  a  1 phanumer ics  within  30  seconds. 

(b) 

Performance. 

Scribe 

CRT 

Photochromic 

Met 

Met 

NA 

(c)  Discussion. 

J_  Scribe.  A  full  page  of  single  spaced  alphanumeric?  required 
approximately  20  seconds  to  be  printed. 
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2  CRT.  A  full  page  of  single  spaced  alphanumerics  required 
approximately  7  seconds  to  be  printed. 

(7)  Evaluation  for  requirement  number  7. 


(a) 

unschedul 

Requirement  7.  Maintainability  should  be  such  that  any 
led  maintenance  action  does  not  exceed  30  minutes. 

(b) 

Performance. 

Scribe 

CRT 

Photochromic 

NA 

NA 

NA 

(c) 

Discussion.  This  requirement 

was  identified  as  a  result  of 

the  experimentation. 

2-14.  Alphanumeric  Display  Console.  None  of  the  three  candidate  systems 
had  a  device  whTZTi  performed  functions  corresponding  to  the  requirements 
stated  for  the  alphanumeric  display  console. 

2-15.  Analysis  of  Performance. 

a .  Genera i . 

(1)  None  of  the  systems  evaluated  during  the  experimentation  fully 
met  all  of  the  requirements  stated  in  section  I t ,  paragraph  2-6,  of  this 
chapter. 

(2)  The  CRT  system  demonstrated  the  best  performance  overall.  Its 
performance  was  primarily  attributable  to  the  system's  software  design 
which  provided  more  capability  and  flexibility  in  the  display  and  manipu¬ 
lation  of  data  than  was  demonstrated  by  the  other  two  systems.  The 
performance  of  the  CRT  system  was  enhanced  by  the  use  of  a  magnetic  disk 
storage  unit  w'  ich  allowed  for  the  storage  of  a  greater  number  of  display 
routines  than  provided  by  the  other  two  systems.  The  routines  were 
rapidly  accessible  by  the  display  processor  and  were  called  upon  as 

requ I  red . 

(5)  However,  each  system  had  some  hardware  and  software  capa¬ 
bilities  which  surpassed  the  performance  of  the  other  two  systems  in 
meeting  some  requirements.  These  capabilities  are  noted  in  the  analysis 
of  syslem  device  performance  in  b,  c,  d,  o,  and  f  below. 

(4)  Evaluated  collectively,  the  performance  of  the  three  systems 
demonstrated  that  available  hardware  and  software  -technology  h  r/a  the 
potential  to  meet  the  automated  display  system  technical  performance 
requirements  described  in  this  report. 

b.  Interactive  graphic  display  console  (individual  display). 


! 

t 

I 

1 

1 
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(1)  The  CRT  console  demonstrated  the  greatest  interactive  capa¬ 
bility.  The  procedures  used  for  data  manipulation  on  this  console  were 
more  comprehensive  than  the  procedures  used  by  the  other  two  systems, 
and  they  provided  the  best  visual  feedback  for  verifying  manipulations. 
However,  the  technique  used  on  the  photochromic  console  (the  pressing  of 
function  pushbuttons  in  a  specif ;ed  sequence)  was  the  easiest  to  learn 
and  use. 

(2)  The  CRT  and  scribe  consoles  provided  for  the  storage  and 
display  of  da+a  items  by  category;  the  photochromic  console  did  not. 
Category  assignment,  selection,  and  display  on  the  CRT  console  was  more 
flexible  than  on  the  scribe  consoles. 

(3)  Display  scenes  could  be  stored  on  magnetic  tape  for  lafer 
recall  and  display  on  the  CRT  and  scribe  consoles.  The  photochromic 
system  had  no  on-line  capability  for  storage  and  recall  of  display 
scenes. 

(4)  The  oRT  and  photochromic  consoles  had  a  rnap  background  display 
capability;  the  scribe  console  did  not.  The  lack  of  this  capability  was 
a  serious  snorf coming  of  the  scriae  consoles.  Maps  displayed  on  the  CRT 
and  photochromic  consoler  could  be  used  for  comprehension  of  the  overall 
situation  but  did  not  provide  sufficiently  legible  detail  for  terrain 
ana  lysis. 

(b)  Neither  the  CRT  nor  the  pholochromic  console,  met  the  ideal 
requirements  for  tailoring  the  displayed  map  background  to  the  situa¬ 
tion.  Both  systems  used  slide  projections  of  discrete  areas.  The  CRT 
console  provided  some  flexibility  in  the  level  of  map  detail  selection. 

This  was  accomplished  through  the  use  of  slides  with  varying  levels  of 
map  detai I . 

(0)  When  the  console  operator  changed  map  background  areas,  currently 
selected  dynamic  symbology  in  the  new  area  of  coverage  was  automat ical ly 
displayed  on  the  CRT  and  scribe  consoles.  The  CRT  console  display  was 
more  flexible  since  it  did  not  require  that  the  operator  define  specific 
cateqories  for  each  map  area  as  did  the  scribe  console.  Changing  oi  map 
areas  on  the  photochromic  console  required  the  operator  to  create  a 
completely  now  scene. 

(7)  The  consoles  were  rated  as  equal  in  their  capability  to  provide 
a  I phanumer ic,  military  unit,  and  graphic  symboloqy.  All  three  systems 
had  the  capability  to  add  user-created  symbols  to  their  symbol  library. 

to)  The  CRT  console  was  the  only  one  which  piovidsd  a  multicolor 
dynamic  symbology  display.  However,  it  also  required  the  lowest  ambient 
light  level  for  comfortable  operator  use.  Dynamic  symbols  and  map 
backgrounds  (particularly  the  standard  military  topographic  map)  were 
most  legible  on  the  photochromic  console,  but  the  dynamic  symbols  were 
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displayed  in  one  color  only.  The  red  and  green  dynamic  symbols  on  the 
CRT  console  provided  low  contrast  against  the  predominantly  white  dis¬ 
play  of  the  standard  military  topographic  map.  The  photochromic  console 
was  the  only  console  which  had  adjustable  brightness  controls  for  both 
the  map  background  and  the  dynamic  symbology. 

(9)  The  screen  on  the  scribe  console  was  too  small  for  the  unclut¬ 
tered  display  of  a  typical  division  overall  situation;  the  size  of  the 
CRT  and  photochromlc  console  screens  was  marginally  acceptable.  Both 
consoles  in  the  scribe  system  used  rectangular  screens  for  the  defini¬ 
tion  of  a  square  rnap  area.  This  resulted  in  unequal  physical  dimensions 
in  the  horizontal  and  vertical  directic  for  a  specific  map  distance 
and  was  very  undesirable.  The  photochromic  console  display  screen  was 
physically  separated  from  the  keyboard  and  controls.  This  caused  undue 
operator  eye  and  head  movement  and  was  an  undesirable  feature. 

(10)  None  of  the  consoles  met  the  placement  accuracy  requiremeni 
for  data  items  transmit+ed  from  DEVTOS  or  for  data  items  positioned  with 
coordinates.  The  CRT  console  came  the  closest.  Data  items  which  were 
positioned  by  the  movement  of  a  cursor  met  the  requirement  and  were  most 
accurately  displayed  on  the  photochromic  console.  Data  item  positioning 
by  movement  of  a  cursor  was  the  most  difficult  and  the  least  accurate  on 
the  scribe  consoles  because  of  the  lack  of  a  displayed  map  background 
for  referencing  the  symbol  position. 

c.  Group  display  output  device. 

(1)  All  three  group  displays  were  capable  of  displaying  map  back¬ 
grounds  for  comprehension  of  the  overall  tactical  situation.  These 
backgrounds  were  identical  to  those  used  on  the  interactive  graphic 
display  console  for  the  same  purpose. 

(2)  The  g.  o  displays  were  rated  as  equal  in  their  capability  to 
provide  alphanuf.' ric,  military  unit,  and  graphic  symbology.  All  three 
systems  were  able  to  display  user  created  symbols  which  had  been  added 
to  the  symbol  library. 

(3)  The  scribe  display  was  best  from  a  v:ewability  stand  point 
The  scribe  and  CRT  group  displays  provided  two  color  dynamic  symbology; 
the  photochromic  system  displayed  dynamic  symbols  in  one  color.  Dynamic 
symbols  were  most  legible  on  the  scribe  group  display.  Map  backgrounds 
(particularly  the  standard  military  topographic  map  background)  were 
most  legible  on  the  photochromic  group  display.  The  red  and  green 
dynamic  symbols  of  the  scribe  and  CRT  displays  provided  low  contrast 
against  the  standard  military  topographic  map;  the  scribe’s  yellow  and 
white  dynamic  symbols  and  the  photochromic* s  dark  blue  dynamic  symbols 
provided  good  contrast  against  the  same  background.  None  of  the  systems 
met  the  requirement  for  adjustable  brightness  controls  for  the  dynamic 
symbology  and  the  map  background. 
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(4)  The  photochromic  and  scribe  group  display  image  area  was 
satisfactory.  The  CRT  image  area  was  marginal  becaus'  of  the  dynamic 
symbol  size  used. 

(5)  On  all  three  group  displays,  the  group  display  scene  appeared 
to  be  an  enlargement  of  the  scene  transfei red  from  the  interactive 
graphic  display  console.  The  CRT  group  display  was  the  only  one  which 
met  the  requi remen f  for  rapid  transfer  of  displays  from  the  consoles. 
Scenes  on  all  three  group  displays  were  displayed  independently  of  the 
conso I e . 

(6)  None  of  the  group  displays  met  the  data  item  placement  accu¬ 
racy  requirement.  The  CRT  display  had  the  best  placement  accuracy  for 
DEVTOS-transmitted  data  and  for  symbols  located  at  fhe  console  by  cursor 
positioning.  The  photochromic  display  had  the  best  placement  accuracy 
for  symbols  located  at  the  console  by  keyboard  coordinate  entry. 

d.  Map  overlay  input  device. 

(1)  The  photochromic  system  did  not  have  a  map  overlay  input 
device.  Neither  the  scribe  nor  the  CRT  device  met  the  requirements  for 
ease  of  use,  area  of  map  coverage,  or  placement  accuracy, 

(2)  Both  the  scribe  and  CRT  devices  required  that  registered  map1' 
be  exactly  horizontal,  vertical,  td  centered.  The  CRT  dev  ire  required 
re-registration  of  the  same  map  each  time  the  device  was  activated. 

This  was  undesirable.  Both  devices  were  capable  of  inputting  data  as  a 
series  of  points.  Each  data  item  was  input  in  a  preprogramed  category, 
color,  and  line  type.  However,  once  the  item  was  input,  its  category, 
color  and  line  +ype  could  be  changed  at  the  CRT’s  interactive  graphic 
display  console;  it  was  not  possible  to  do  this  on  the  scribe  console. 

(.5)  The  CRT  device  allowed  for  a  larger  area  of  map  coverage  than 
the  scribe  device  and  almost  met  the  requirement.  Neither  device  was 
signi * icantly  better  than  the  other  in  placement  accuracy. 

e.  Map  overlay  output  device. 

(!)  The  photochromic  device  was  the  best  of  the  three  evaluated. 
The  CRT  and  photochromic  device  oupuTs  were  on  transparent  material  and 
to  standard  map  scales.  The  scribe  device  output  was  on  opaque  material 
and  was  not  to  scale.  The  CRT  device  provided  the  largest  output;  how¬ 
ever  ,  none  of  the  devices  met  the  map  area  of  coverage  requirement . 

(2)  Tno  CRT  dnyli.e  wa capable  of  multicolor  output.  Th«  other 
two  devices  provided  output  in  a  singie  color  and  required  shape  coding 
to  distinguish  friendly  from  enemy  symbols.  The  photochromic  ana  scribe 
device  outputs  matched  the  scene  displayed  on  the  console;  th»  CRT 
device  was  unable  +o  outpu+  user-created  special  symbol. 
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(3)  All  three  devices  were  capable  of  providing  multiple  copy. 

The  photochromic  and  scribe  devices  met  the  timeliness  requirement  for 
output  of  multiple  copy;  the  CRT  device  did  not. 

(4)  The  placement  accuracy  on  the  scribe  device  was  not  tested 
since  the  output  was  not  to  scale.  Neither  the  CRT  nor  the  photochromic 
device  met  the  placement  accuracy  requirement;  however,  the  photochromic 
device  came  very  close. 

f.  Printer. 

(I)  The  photochromic  system  did  not  have  a  printer.  The  scribe 
printer  was  the  better  of  the  two  evaluated. 

(?)  3oth  the  scribe  and  the  CRT  printers  had  the  required  ASCII 
characters.  The  scribe  copy  met  the  legibility  requirement.  The  CRT 
copy  was  marginally  legible,  when  taken  from  the  machine  immediately 
after  being  printed.  It  faded  to  illegibility  when  the  page  was  not 
advanced  upon  completion  of  the  printing. 

(3)  Both  printers  met  the  timeliness  requirement.  Neither  printer 
provided  the  required  8-inch  by  10  l/2-inch  copy  size;  however,  the  CRT 
copy  was  the  commercial  8  1/2- inch  by  I  I -inch  size. 

(4)  Both  printers  required  advancement  of  the  paper  to  read  a  line 
of  print. 
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PART  THREE  -  REDUCED  DATA 


I - I .  Introduction. 

a.  This  part  contains  the  reduced  data  for  work  segments  I  through 
22.  Each  work  segment  contains  a  work  statement  that  Is  followed  by  the 
reduced  data  for  the  scribe,  the  CRT,  and  the  photochromic  systems.  The 
reduced  data  for  each  system  is  organized  and  presented  in  the  order 
specified  by  the  data  reduction  procedures  of  the  work  statement. 

b.  The  exception  to  this  format  is  the  data  for  work  segments  I 
and  2.  The  data  for  these  work  segments  was  collected  prior  to  the 
experimentation,  is  not  system  peculiar,  and  is  presented  without  refer¬ 
ence  to  any  system. 

c.  Data  was  not  collected  for  the  photochromic  system  for  work 
segments  14,  17,  and  21.  This  system  did  not  have  the  capability  to 
perform  the  functions  required  for  these  work  segments. 

d.  The  last  section  of  this  part  contains  the  subobjectives  and 
essential  elements  of  analysis  (EEA's)  for  each  of  the  three  experimenta¬ 
tion  objectives. 

e.  Copies  of  part  three  are  being  furnished  to  the  addresses  which 
are  listed  below.  Others  interested  in  obtaining  a  copy  may  do  so  by 
contacting  the  Commanding  General,  Headquarters,  MASSTER. 

(1)  USA  Combined  Arms  Combat  Developments  Activity. 

(2)  Defense  Documentation  Center, 

(3)  HQ,  MASSTER. 

(a)  DCofS,  Operations  and  Plans,  Quality  Control  and  Analysis 
Division. 

(b)  DCofS,  Personnel  and  Administration,  MASSTER  Technical  infor¬ 
mation  Center. 

(c)  Science  Advisor. 

(d)  USATRADOC  Liaison  Officer. 

(e)  Commander,  AMC  Field  Support  Activity. 
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LIST  OF  ABBREVIATIONS,  ACRONYMS,  AND  SYMBOLS 


AC  -  analysis  console 

ACE  -  airspace  control  element 

ADP  -  automatic  data  processing 

ASCII  -  American  Standard  Code  for  Information  Interchange 

8 ICC  -  battlefield  information  coordination  center 

CONOPS  -  continuity  of  operations 

CPX  -  command  post  exercise 

CRT  -  cathrode-ray  tube 

DA  -  Department  of  the  Army 

DEVTOS  -  developmental  tactical  operations  system 

DTOC  -  division  tactical  operations  center 

EEA  ••  essential  elements  of  analysis 

FSCC  -  fire  support  coordination  center 

FSE  -  fire  support  element 

GDD  -  group  display  device 

IBCS  -  integrated  battlefield  control  systems 

MB  -  map  backgrounds 

M10D  -  message  input-output  device 

MN  -  materiel  need 

PADC  -  placement  accuracy  and  display  completeness 
RAM  -  reliability,  ava liability,  and  ma i nta i nab i I i ty 

SSE/EWE  -  signal  intelligence  support  element/electronic  warfare  element 

TACP  -  tactical  air  control  party 

TEU  -  timeliness  and  ease  of  use 

IOC  -  Tactical  operations  center 

TOS  -  tactical  operations  system 

USACDC  -  United  States  Army  Combat  Developments  Command 

USAMC-ECOM  -  United  States  Army  Materiel  Command  -  Electronics  Command 

UTM  -  Universal  Transverse  Mercator 

VDD  -  viewability  of  displayed  data 


